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The Preface. 


He following Book 'was at firſt drawn 
'B up in a rude manner,'only to pleaſe my 
ſelf, and divert the vacant hours of a-Solitary 
Country Life. ' Bur irjs now'publiſhed, pure, 
I hopes of its' doing ſome good in the: 
orld, among ſuch, whoſe Genjus and Lei- 
ſure lead them to Mechanical Studies, or' 
thoſe whoſe buſinefs and livelihood it is. 
Many there are, whoſe fault, or calamity 
it is, to have time lying upon their hands ; 
and for want of innocent, do betake them- 
ſelves to hurtful pleaſures. This is the to0 
common misfortune of Perſons of Quality. 
Among ſome of the courſer ſort of theſe, if 
this Book ſhall firid ſome acceptance, it may 
be a means to compoſe 'their looſe Spirits ; 
and by an innocent guile, initiate them in 
other Studies, 'of greater uſe to themſelves, 
their family, 'and country. However it may 
hinder their commiſſion of many ſins, 'which 
are the effects of idleneſs. | | 
If there be any one perſon, in whorni theſe 
good effeRs are produced, I ſhall think by 
idle: hours well beſtowed, and blefs God for 
it. However upon rhe account of 'the'inno- 
cence of my end in publiſhing this Book, and 
that it was written wy” as th? ha*mleſs (I 
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may add alſo the vertuous) fport of leiſure 


hours ; I think my ſelf excuſable to God and 
the World, for the expence of ſo muchtime, 
in a ſubjec differentfrom my Profeſſion. 


But beſides, I, think my ſelf under ſome | 


little obligarions' of Jilſtice and Lhhciry, to 
publiſh the enſuing papers for the ſake of 
thoſe, whoſe buſineſs the Mechanick part 1s, 
I take it to be a Charity to the Trade ; be- 
cauſe there are many (altho excellent in the 
working part) who are utterly utskilled in, 
the artificial part of it. And then, it is a 
debt I pay : becauſe I owe ſomewhat of 
health, as well as diverſion to the $tudy, and 
practice of theſe ſort of Mechanicks. And, 
che beſt requital I can make for my treſpaſs, 
is to oubliſh what I have had better cppor- 
tunitics perhaps of Learning, than many 
Workmen have. | 
And further yet, there is another reaſon, 
which much prevailed with me to publiſh 
this Book, viz. Becaufeno body, that I know 
of, hath prevented me, by treating ſo plain- 
ly and intelligibly of this ſubjet, as to be 
underſtood by a vulgar Workman. I have 
ofcen wondered at it, that fo uſeful arid de- 
lightful a part of Mechanical Mathgmaticks 
ſhould lie in any obſcuriry, in an'age where-, 
in fuch vaſt improvements have been made 
cherein, and when many Books are daily 
publiſhed upogyevery ſubjet. I ſpeak here 
of this Art remaining in obſcurity ; not as i 
nothing was Ever. written of it, and I the: 
, in 
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inventer of Automatical Computation. 

But altho I cannot aſſume the glory of 
being the firſt Writer upon this ſubject, yet 
| very few have as yet doneir; of which I ſhall 
' next give ſome account. 

Cardan, Kircher, and Scottres promiſed it - 
but I do not find they ever publiſhed aty 
thing to the purpoſe of it. Our great Mr. 
Oughtred I take to be the firſt that ever wrote 
ro any purpoſe about the Calculation of 
| Automata : And I believe he was the frlt thar 
brought that Art under Rules, in his little 
treatiſe called Automtza, This Book was firſt 
ſurreptiriouſly publiſhed in Engliſh in a little 
Book, called Horolog. Dialogues, in the year 
1675 ; and afterwards far more compleatly 
'1n Latin, at the Theatre in Oxon, among Mr.. 
Oughtred s Opuſc. Mathem; in the year 1677, 
This laſt edition it was my misfortune not to 
meet with, ungil it was too late, and there- 
(fore I have been forced to quote the firſt, 
and worſt in my Book. 

What Mr. Oughtred had wrapt up in 
this Algebraick obſcure Characters, was 
afterwards put into plainer I anguage , 
by that excellent Mathematician Sir fe. 
Moor, with ſome additionsof his own ; which 

ou have in his Math. Ceompend, and ſince 
im, by Mr. Leyborne, in his Pleaſhre with 
ropst. 

I hope I {hall not. be judged to have tranſ- 
reſled che Rules of Modeity, in coming af- 
three ſich famous men; neither ſhou!d I 
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venture that cenſure, but for two reaſons. nam 
One is, I find by experience, that whatthey own 
have written, 15 underſtood by very few (clf. 
Workmen. Andthereforel have endeavour-|owe 
ed, with all induſtry, to make the matter as !judic 
plain as I could for Fa For which reaſon, | me | 
I hope the more learned Reader will excuſe guag 
my uting many words, when fewer would tion: 
have ſerved b# turn; and that I have con- afhifi 
deſcended to low things, (and to hinz-xced- and 
leſs) as teaching the Golden-rule, &c. The thor 
other reaſon is, that what thoſe three have of t 
written, relates only, or chiefly to the Watch- Rei 
part. To which I have added ſeveral other; actu 
things of my own: particularly the Calcula- inve 
tion of the Clock-part, &c. I have been for- fam 
ced to reduce toRules my ſelf, and to name ope! 
no more, the Hiſtorical part hath not been fo 'I 
much as attempted before, that I know of. laft 
Theſe Reaſons will, I hopg, excuſe me} wh! 
with the moſt cenforious Reader, not only! enh 
for preſuming to write after ſo accurate a, met 
piece, as Mr. Oughtred s is ; but alſo the No- (luc 
velty of the ſubject, will I hope procure for or « 
me a candid interpretation of the faults and wo 
blunders, that I may have unwittingly com- Ful 
mitted, | WO 
To the preceeding account of what others bot 
have written (which ſhews what help I have cec 
ad from printed Books) I ſhall ſubjoyn my ſon 
acknowledgments, and thanks to the princi; tak 
pal of my friends, who have given me theiq I | 
aſliftance in compiling this Book, But theiq t10! 
name 
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15. [names T ſhall not make more publick than mine 
ey \own, being unwilling to be diſcovered my 
2w \{clf. In the Chap. of the Terms of Art, I 
ur-Jowe much to the affiſtance of L. Br.... a 
as {judicious Workman in White-chappel,who drew 
MN, me up a Scheme of the Clock-maker s Lan- 
aſe guage. In the Hiſtory of the Modern Inven- 
ald tions, I have had (among ſome others) the 
MNn- afſiftance chiefly of the ingenious Dr. H:.. . 
d- and Mr. T...,; The forther being the Au- 
"he: thor of ſome, and well acquainted with others, 
we of the Mechanical Inventions of that fertile 
ch- Reign of King Charles the I. and the latter 
her: actually concerned in all, or moſt of the late 
la- | inventions in Clock-work, by means of his 
or- famed $kill in that, afid other Mechanick 
me operations. 
fo There are ſome other conttivances of this 
F laft age ( beſides thoſe I have mentioned ) 
me; which I have paſſed over in flence ; becauſe 
nly! exher they are only branches, or improve- 
te a, ments of the inventions I have takennotice of, 
No- (fuch as ſeveral ways of repeatihg work, &c.) 
for or elfe, they only collaterally relate to Watch- 
and work (as the inventionsof Curtting-Engines, 
om- Fuſy-Engines, &c.) To treat of all theſe, 
; would {well my Book far beyondits intended 
hers bounds ; which I have already ſom 2what ex- 
1ave cecded. TI ſhall therefore commit this task to 
ry ſome better Pen, hoping that no perſon will 
nc: take it amiſs, that I havenot mentioned what 
theif 1 have been beholding to him for the rela- 
heit tion of. | 
Ame 
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For the reſons laſt mentioned, I have alfo 
left out of my Book, a Chapter of the Art 
of making, and uſing many forts of Sodders, 
the way of colouring Metals, &c. uſeful in 
the practice of Clock-work. This I had pre- 
pared for the ſake of Mercurial Gentlemen, 
but omitted printing it, and ſome other things, 
out of Charity to poor Apprentices and other 
Workmen, whole purſes I am unwilling my 
rolume ſhould roo much exceed. 

If I have at any time invaded the Work- 
man's province, it was not becauſe I pretend 
to teach him his Trade ; but either for Gen- 
tlemen's ſakes, or when the matter led me 
neceſſarily to ir. 

I have nothing more to add, but that I 
would have this little Treatiſe looked upon 
only as an Eſſay, which I hope will prompt 
ſome abler pen to perform the task better, 
eſpecially in the Hiſtorical part. For ſince 
Watch-work oweth ſo much to our Age, and 
Country, tis pity that it ſhould not be re- 
membred : eſpecially when we cannot but 
lament the great defe& of Hiſtory, about the 
beginning and improvements of this ingeni- 
ous and uſeful Art. ; 
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CH A-P::14 


' Of the Terms of Art, or Names by 


which the parts of an Automa- 
ton are called. , 


| [= neceſſary that I ſhould ſhew the 


meaning of thoſe Terms which 
Clock-makers uſe, . that Gentlemen 


and others; unskilful in the Art, may 


know how to expreſs themſelves properly, 
in ſpeaking z and allo underſtand what 1 
ſhall fay in the following Book. 

I ſhall not trouble the Reader with a 


| recital of every name that doth occur, 


but only ſuch as I ſhall have occaſion” to 
ule 
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uſe in the following diſcourſe, -and ſome 
frw others that offer themſelves, upon a 
tranſient view-of a piece of work, 

I begin with the more general Terms : 


as, the Frame ; which is that which con» | 
tains the Wheels, and the reſt of the | 


work. The Pillars, and Plates, are what 
it chiefly conſiſts of. 

Next for the Spring, and its appurte- 
nances. Fhat which the Spring hes in, 
1s the Spring-box ; that which the Spring 
laps about, in the middle of the Spring- 
box, is the Spring-Arbor ; to which the 
Spring i is hooked at oneend. Atthetop 


of the Spring: Arbor, is the Endleſs-Screw, 


and its Wheel, 

That which the Spring draweth, and 
about which the Chain or String is wrap- 
ped, and which is commonly taper, 1s 
the Fuſy. In larger work, going with 
weights, where itis cylindrical, it is cal- 
led the Barre/, The ſmall Teeth at the 
bottom of the Fuſy, or Barrel, that ſtop 
itin winding up, is the Ratcher. That 
which ſtops it when wound up, and is 
for that end driven up by the String, is 
the Garde- cakt, or Guard. Cech, asothers ; 
and Garde-du- Cord, and GardedwGut, as 
others call it. The 
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The parts of a Wheet are, the 77oep, 
or Rim : the Teeth: the Croſs : and the 
Collet, or piece of Braſs, foddered on the 
Arbor, or Spindle, on which the Wheel 


» ' @ '«s JQ 


is riverred. 

A Piniow'is that little Wheel, which 
plays in the teeth of the Wheel. Its 
teeth ( which are commonly 4; 5, 6,'$, 
Tc.) are called Leves, not Teeth. 

The ends of the Spindle, are called 
Pevetts : the holes in which they run, 
Pevet-holes. | 

The guttergd Wheel, with Iron ſpikes 
at the bottom, in which the line of or- 
dinary Houfe-Clocks doth run, is called 
the Pully. - 

I need not ſpeak of the Dialp/ate, the 
Hand, Strews, Wedges, Stofis, Tc. 

Thus much for gettersl Names, which 
gre common to all parts of 8 Moyement. 

The parts of a Movemenrt, | which [ 
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ſhall conſider, are the Warch, and Clock. 
The Watch-patt of 4 Movement is that 
which ſerveth to the meaſuring the hoyrs. 
In which the firſt thing I ſhall coffider is 
the Ballayce : whoſe parts are, the Rim, 
which is the circular part of it : the Verge, 
is its Spindle : to which belong the-rwo 
——y Pallets, 
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Pallets, or Nuts, which play inthe fangs 
of the Crown- Wheel: in Pocket-Watches, 
that ſtrong Stud in which the lower Pe- 
vet of the Verge plays, and in the mid- 
dle of which one Pevet of the Crown» 
Wheel runs, is called the - Pottans : the 
wrought piece which covers the Ballance, 
and in which the upper Peyet of the Bal- 
lance plays, is the Cock. The ſmall Spring 
in the new -Pocket-Watches is the Regu- 
lator. | 

The parts of a Pendulum are, the Verge 
Pallets and Cocks, as before. 
in long Pendulums, the Bob in ſhort 
ones, 1s the Weight at the bottom. The 
Rod, or Wire is plain, The terms pe- 
culiar to the Royal Swing, are the Pads, 
which are the Pallets in others, and are 
fixed on the Spindle. "The Fork is alſo 
fixed on the Spindle, and about 6 inches 
below, catcheth hold or the Rod, at a 
flat piece of Braſs, called. the Flatt, -jn 
which the, lower end of the Spring is 
faſtened. 


The names of the Wheels next follow. | 


The Crown-Wheel in Small pieces, and 
Swing-Wheel in Royal Pendulums, is that 
Wheel which drives the; Balance, or Pen- 


gdulum. The 


The Ball}. 
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The ContratesWheel, - is that Wheel in 
Pocket-Watches, which is acxt to the 
Crown-Wheel,, whoſe Tecth: and. Hoop 
lye contrary .to,, thoſe of other Wheels. 

The Great-Wheel, or Fir/t-Wheel. 
that which the | Fuly; ©c. Hud 
driverh. Next it, are the Secord-Hheel, 
 Third-Wheel, Gc. 

Next followeth the Work "ein een the 
Frame and Dial-Plate. -And:ifirſt,' is the 
Pizion of Report; .. which is. that Pinion 
which is commoaly fixed- on the. Arbor 
of the Great-Wheel, and in. .o1d- Watches 
ſed to have commonly, but four Leaves; 
which driveth the Dzal-i# beel,. and this 
carrieth about the Zand.  \. 

The laſt Part. which I ſhall ſpeak of, 
is the Clock, : which: is that. part which 
ſerveth to frike the Hours : In which I 
_, 

Firſt ſpeak of the Great, ot- Firſty 
Wheel ; which is that which, rhe Weight 
or Spring firſt drives. In: 16 .or 30 
hour, Clocks, this-15, commonly. the. amv 
Wheel; in 8 Day \pieccs, - the," S2condy 
Wheel is. commonly the. f,/x444; heeg- 
This Whecl with Pins 1s ſomety: 22s called | 
the'S:riking-Wheeh, or Pin-Woeed. . 

Next 


©xplication of the (3 h. (Ch. 
Next to this Striking-Wheel, folloyby | 
eth the Detent-Wheel, or Hoop-Wheel, lock 
having a Hoop almoſt round it, in Whic 
is a vacancy, at Which the Clog#74% 
locks. pins 
The next is the Third, or Fourth L 
Wheel (according as it is diſtant fromthe ' 
the Firſt-Wheel) called alſo the Warning ©: 
Wheel. or C: 
And laſtly is the Flying-Pinjon, wit! T 
a Fly or Fan to gather Air, and ſo brid lock 
the —_— of the Clock's motion. | 
Beſides theſe, there are the Pinion 
Report, of which before ; which drivett 
round the Locking-Wheel, called alſo the 
Count-Wheel, with xt Notches in it com 
monly, unequally diſtant from one ano! 
ther, to make the Clock ſtrike the houti—— 
of I, 2, Jy &c, | FeEg 
Thus much for the Wheels of the 
Clock part. | | Gene 
Beſides which there are the Raſh, of 
Ratch ; which is that ſort of Wheel, 
twelve large Fangs, that runneth conceny) 1 
trical to the Dial-Wheel, and ſerveth t 
lift up the Detents every hour, andſerv 
make the Clock ftrike. cula; 
| The Devents are thoſe Stops, which terl 
by! 
| 


' 
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owby being lifted up, or let fall dewn, do 

L, leck and unlock the Clock in ſtriking. 

hid The Hammers ſitike the Bell : The 

od Hammeretails are what the Striking- 
pins draw back the Hammers by. 

*tþ Latches are what lift up, and unlock 

OMP Work. 

mw Catches are what hold by hooking, 
tor catching hold of, 

it! The Lifting-pieces do liſt up, and ug- 

dilock the Detents, in the Clock part. 
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SECT. I. 
General preliminary Rules and DireTions 
of for Calcalation. 


:. FOR the more clear underſtand- 

ing this Chapter it muſt be ob- 
ſerved, that thoſe Automata (whoſe Cal- 
culation | chiefly intend) do by little In- 
þ terſtices, or Strokes, meaſure out longer 
portions 


; 


Oughtred of 


Autom. 
fe. 4. 
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portions. of 7;me, Thus the ſtrokes « 
the Baltance of a Watch, do meaſure ou 
Mjnutes, Hours, Days, &c. 

- Now: to ſcatter thoſe ſtrokes amon 
Wheels and Pinions, and to proportionat 
them, :a10 as to meaſure Time regular] 
is the defign of Calculation. For the 
clearer diicovery of which, it will be ne 
ceſlary to procced leiſurely, and grad 
ally. 

F 2. And in the firſt place, you are td 
know, that any Wheel being divided b 
its Pinion, ſhews how many turns that 
Pinion hath to one turn of that Wheel! 
Thus a Wheel of 60 teeth driving a P14 
nion of 6, will {urn round the Pinion 1 
times in going round once. 
| From the Fuſy to the Ballance. th 
Wheels drive the Pinions; and conſe 
quently the Pinions run faſter, or go more 
turns, than the Wheels they run 1n. But 
it is contrarv jrom the Great-Wheel to 
the Dial Wheel. 
ple, The Wheel drives round the Pinion 
Io times: but 1t the Pinion drove the 
Wheel, it muſt turn 10 times to drive 
the Wheel round once. 


Thus in the laſt Exams! 


F 3- Before I proceed further, 1 muſt 
ſhe 
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ſhew how to write down the Wheels and 
Pinions. Which may be done, either as 


{ Vulgar Fractions, or in the way of Divi- 


ſioa in Vulgar Arithmetick. E.C. A 
Wheel of 60 moving a Pinion of 5, may 
be fer down thus, *3: or rather thus, 
5) 60 : where the firſt figure is the Pini- 
on, the next without the hook, is the 
Wheel. 

The number of Turns, which the Pi- 
nion hath in one turn of the Wheel, is ſer 


{ without a hook on the right hand: as 


5) 60 (12, 4.c. a Pinion 5 playing in 2 


el; Wheel of 60, moyeth round 12 times, in 
{ one turn of the Wheel. 


A whole Movement mav 

4)z6/g be noted thus, 5; 'r *5, * 
s)5501r 27 Notches in the Crowr.* 
5Ms5(g Wheel. Or rather as you fce 
5\40(8 here in the Margin: where 
= — the uppermoſt number, above 
1 the line, is the Pinion of Re- 

port 4, the Dial-wheel 36, 

and 9 turns of the Pin. of Report. The 
ſecond number (under the line) is 5 the 
Pinion, 55 is the Great-wheel, and 11 
turns of the Pinionit driveth. The third 
tumbers, are the Second-wheel, Sc. 
C | The 


By the Quotients I com- 
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The fourth the Contrate-w heel, &c. Ang one 
the ſingie number 27 under all, 1s t 
Crown-wheel. $)8 
F 4 By rhe F 2. before, knowing thy 6)5 
number of turns, which any Pinion hath 5 )4 
in one turn of the Wheel it workerh in 
you may allo find out how many turns 
Wheel or Pinion hath, at a greater di 
ſtance ; as the Contrate-wheel, Crowns the 
wheel, or &c. For it is but multiplying turr 
tozether the Quorients, and pro 


monly mean the :umber the number produced, 1s the duc 


of Forms _ num- number of Turns. An Ext is tt 
ber js (et on the right . of | 
hand, without a hook, ample will make what 1 fa 72C 


as is ſhewn 1n the laſt plain: let us chuſe of 8 


Paragraph. Which I 
no'e nere now once for 


thete 3 numbers 5)5;(19 
here ſet down; the 5 ;45(9] whi 
firſt of which hath 5 j40{$] whi 
I1 turns, thenext g, and the _ but 
Jaſt 8. It you multiply 11 and 9 it pro{turr 
duceth 99, for 9 times 11 1s 99, that is gra! 
in one turn ot the Wheei 55, there ardrur; 
99 rurns of the tecond Pinion 5, or of thirurt 
Wheel 40. IH you multiply 99 by the laſffthe; 
Quorient 8 (that is, 8 times 99 1s 792 fwh 
i thews the number of turns, which th&vill 
third and laſt Pinion 5 hath. Sothat thifin t 
third, and laſt Pinion turns 792 times ifur 
one 
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nq one turn of the firſt Wheel 55. Another 
Example will make it ill 

8)8o(ro more plain The Examyle is 

by 6)54(9 in the Margin The turns are 
th 5)40;8 10, 9 arid 8 Theſe multiplied 


In — as before run thus, viz. 19 
| Is times 9g 1s go, that 1s, the Pi- 
di nion 6 (which is the Pin. of 


'r4 the third Wheel 40) turns go times in one 
"Og turn of the Firſt-wheel 8. Tius laft 
ng product go being multiplied by 8, pro- 
4 duces 720 5 that is, the Pinion 5 (which 
x4 is the Pin. of the Crown-wheel 15) turns 
all 720 times in one turn of the Firii-wheel, 
of 80 reeth. 
18 F 5. We may now procced to that, 
9] which is the very groundwork of all ; 
8] which is, not only to find out the turns, 
but the Beats alſo of the Ballance in thoſe 
r0Jturns of 'the Wheels. By the laſt Para 
graph, having found out the number of 
ardturns, which the Crown-whee! hath in one 
Ngturn of the Wheel you ſeek tor, you muſt 
allthen multiply thoſe turns of the Crown- 
2 wheel by its number of Notches, and this 
thqwill give you halt the number of Beats, 
hifin that one turn of tte Wheel. Half rhe 
$1number, I ſay, for the reafons in the fol» 
»ne G3 lowing 


If 
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lowing 6 F. For the Explication of what 
hath been ſaid, we will take the example 
inthelaſt F : the Crown-wheel there, has 


720 turns in one turn of the firſt Wheel 


This number multiplied by 15 , the 


Notches in the Crown-wheel, producet 


1c800, which are half the number ol 
ſtrokes of the Ballance, in one turn of the 
firſt wheel 80, The like may be done fot 


any of the other Wheels ; as. the Whee 
54, Or 40: bur I ſhall not inſiſt upor 
theſe, having ſaid enough. 

[ ſhall give but one Example more 
which will fully, and very plainly illu 
ſtrate the whole matter. The example! 


in the margin, and tis of a x6 


4)32(8 hour Watch, wherein the Pi 
5)55(11 Nion of Report is 4, the Di: 
5)45(9 Wheel 32, the Great-wheel | 
5)40(8 55, the Pinion of the ſecon 
- Wheel is 5, &c. the numbe 
17 of Notches in: the Crown 

wheel are x7 : the quotient 
or number of turns in each, are 8, 11 
4 $. All which being multiplied as be 
ore, make 6336 : this number multip 
ed by 17, produceth 107712 ; whichla 
{umm 1s half the number of Beats in of 
[4 
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turn of the Dial-wheel. The half num« 
4 ber of Beats in one turn of the Grear- 
{ wheel, you will find to be 13464: For 


$ times 17 is 136, Which is the halt num- 
ber of Beats in one turn of the Contrate- 
wheel 40: and 9g times 136, is 1224, 
the halt beats in one turn of the Second- 


4 wheel: and 11 times 1224, is 13464, the 
# half beats in one turn of the Great-wheel 


55. And 8 times this laſt, is 107712 
before named. If you multiply this by 
the two Pallets, that is, double it, it is 
215424, Which is the number of . Beats 
in one turn of the Dial-wheel, or 12 
hours. If you would know how many 
beats this Watch hath in an hour, *cis but 
dividing the beats in 12 hours, into 12 


parts, and it gives 17952,the Train of the Sir F. Moor 
Watch, or beats in an hour. If you di- wat. Com. 
vide this into 60 parts, it gives 299 and p- 199+ 


a little more, for the beats in a minute. 
And ſo you may go on to ſeconds and 
thirds, if you pleale, 

Thus I have delivered my thoughts as 
plainly as I can, that I may be well un- 
derſtood ; this being the very foundation 
of all the artificial part of Cleck-work, 


And therefore ler the young practiſer ex- 
| ercile 


Ibid, 
P- II6. 


Oughtred 
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erciſe himſelf thorowly in it, in more 
than one example. 

If I have offended the more learned, 
quick-ſighted Reader, bv uſing m-ny 


words ; my defire to inſtru rhe moſt. 


ignorant Artiſt, muit plead my excule 

F 6. The Ballance or Swing hath two 
ſtrokes to every toorh of riw Crown» 
wheel. For each of the two Pallets hath 
its blow againſt each tooth of tie Crown» 
wheel : Wherefore a Pendulum that 
ſwings Seconds, hath is Crown-wheel 
but 30. 


SECS © 


The way to Calculate, or contrive the Num- 


bers of a piece of Watch work, 


Aving in the laſt Section led on the 
Reader to a general knowledge of 
Calculation; I may now ventwie him 
further into the more obſcure, and uleiul 
parts of that Art : Which I ſhall explain 
with all poſſible plainneſs, tho lefs brevi- 
ty, than | could wiſh. 
F x. The-ſame motion may be per- 
formed either with one Wheel and one 
Pits 


Set. 2, Watch-nork- 


Pimcon ; or by many Wheels and many 
Pinions: provided that the number of 
turns of all choſe Wheels bear the ſame 
proportion fo all thoſe Pinions, which 


that one Wh: el bears to its Pinion. Or 


(which is the fame thing) that the 
number proviuced by multiplying all the 
Wheels together, be to the number 
produced ly multiplying all the Pint- 
Ons LOge ther; as that one Wheel is to 
that one Pinion. Thus ſup- 
26)1440 pole you had uſe for a Wheel 
of 1440 teeth, with a Pin. of 
28 leaves, you may ny , into 3 Wheels 
and Pinions, viz. 4 7)8, and 
1)s. For if you Mnf the three 
Wheels rogether, viz. 36,8 and ; and 
the three Pinigns together by themſelves, 
viz 4, 7 ard 1, you will find 1440 
to ariſe-for the Wheels, and 28 for the 
Pintons. Or if you try the example by 
the number of turns, it will be the ſame. 
For 28)}1440 (51 5. And the quotients 
and turns ol the 3 Wheels and Pinions 
multiplied together, are 51 7 allo, as in 
the laſt example. 
It matters not in what order the Wheels 
and Pinions are ſet, or which Pinionruns 
in 


16 
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in which Wheel :! Only for convenieng ? 
fake, they commonly ſet the biggeſt nun z6 
bers to drive the reſt. | 4 

F 2. Two Wheels and Pinions of difil4 
rent numbers may perform the ſame my 3* 
tion. As, a Wheel of 36 drives a Pini 
of 4, all one as a Wheel of 45 drives — 


Pin. of 5 ; or as a Wheel of go drives? *" 
Pin. of xo. The turns of each are 9g. al 
F 3: If in breaking your Train int} £7 
parcels {of which by and by} any of yo 
Quotients ſhould not pleaſe you ; or! de 
you would alter any other two numb be 
which are to be multiplied together, ys 2 
may vary them by this Rule : Divid th: 
your two numbers by any two oth#4 » 
numbers which will meaſure them; the 
multiply the Quotients by the alternat 
diviſors, the produ@ of theſe two 1: 
numbers found, ſhall be equal to the pri 
duct of the two numbers firſt give 
Thus if you would vary 36 times 8, d 
vide theſe by any two numbers that wi 
evenly meaſure them, as 36 by 4, and 
by x: The fourth part of 36 is g, and 
divided by 1 gives 8. Multiply 9 by 
the produd@t is g ; and 8 multiplied by 
produceth 32. So that for 36 rimes | 


ye 
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enc 
un 


9 8 you ſhall have found 32 times 
36x 8 9g. The operation is inthe Mar- 
4 1 gin, that you imay ſee, and ap» 
prehend it the better. Theſe 
32X9 numbers are equal, viz. 36 times 

8 1s Equal to 32 times 9 ; both 
producing 288, It you divide 36 by 6, 
and 8 by z, and multiply as before is 
ſaid, you will have for 36 times8, 24 


{ times 12, equal te 288 allo. 


[If this Rule ſeem to the unskilful Reas 


# der hard to be underſtood, let him not 


be diſcouraged, becauſe he may do with=» 


g& out it, altho ir may be of good ute rohim 
| that would be a more compleat Artiſt. 


F 4. Becauſe in the following Para- 
graphs, I ſhall have frequent occaſion to 


} uſe the Rule of Three, or Rule of Propor« 


tion, it will be neceſſary to thew the un- 


4 skiltul Reader, how to work this noble 


Rule, 

If you find 4 or 4 numbers thus ſet, 
with four ſpots aiter the lecond ot them, 
tis the Rule of Proportion ; as in this Cx- 
ample, 2.4:: 3-6. 2.c. AS2 is tO 4::; 
90 18-3 tO 6. | 

The way to work this Rule, viz, by 
the 3 firſt numbers to find a fourth, 1s, 
D To 


7 


1d. ib. 


To multiply the ſecond number and? the 
third together, and divide their produd 
by the firſt. Thus 4 times 3 is 12, which 
r2 divided by 2, gives 6; which is the 
number ſought for , and ſtands in the 
tourth place. 

You will find the great uſe of this Rule 
hereatter ; only take care to bear it in 
mind all alogg. 

F 5. To proceed. If in ſeeking for 
your Pinion of Report, or by-any other 
means, you happen to have a Wheel and 
Pinion fall out with croſs numbers, too big 
to be cut inWheels,and yer not to be alter! 
ec by the former Rules, you may find out] 
two numbers of the ſame, or a near pro- 
portion, by this following Rule, v/z,* As 
either of the two numbers given, 1s to 
the other :: So is 360 to a fourth: Di 
vide that fourth number, as alſo 360 by 
4+ 5+ 6. 8. 9. IO. 12. 15. (each oft which 
numbers doth exactly meaſure 360) 0 
by any one of thoſe numbers that bring 
eth a quotient neareſt to an integer (ot 
whole number.) Thus if you had theſ 
two numbers, 147 the Wheel, and 17 
the Pinion, which are too great to be cu 


in ſmall Wheels, and yet can't be reduced} 
int 
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into 
mo! 
ACC 
15 tc 
z6C 
nur 
147 
nun 
nun 


F2 


6) 
); 


If y 


fall 
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he 
0 
C 


he 


ule 


0- 


fo 
JN; 


1! fall out exactly tobe 45 and 52 8) 


A 


into leis, becauſe they have no other com- 
mon meaſure, but unity : - ſay therefore 
according to the Jaft paragraph, As 170 
is to 147; Or as 147 Is to 170:: 39 is 
360 to a fourth number ſought. In 
numbers thus, 170 147 :: 360.311. or 
147-170 :: 360. 416. Divide the fourth 
number and 360 by one of the foregoing 
numbers ; as 31x and 360 by 6, it gives 
52 and 60, In numbers tis thus, 


gIenlss Divide by 8 'tis thus, 8 Neat 


iol If -- Aivide 360 and 4216 by 8, it will 


360(.45 
416(52 
Wherefore for the two numbers 247 and 
170, you may take 52 and 60; or 39 
and 45; or 45 and 52, or &c. 

F 6. I ſhall add but one Rule more, be- 


byl fore I come to the practice of what hath 
ch} been laid down 3 which Rule will be of 
of} perpetual uſe, and conſiſts of theſe five 
g particulars. 


or 


I. To find what number of turns the 


fe Fuſy will have, thus, As the Beats of the $. 
70] Ballance in one turn of the Great- Wheel on hi 
ut} or Fuſy {ſuppoſe 26928) To the Beats of _— 


ed] the Ballancein one hour (ſuppoſe 20196)* 
2 rx Wa 


I” 
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:: $0 is the continuance of the Watche 
going in hours (ſuppoſe 16) To the nu 
ber of the turns of the Fuſy 12. In num 
bers *twill ſtand thus, 26928. 20196 : 
I6.12. By F 4. you may remember that 
you are to multiply 20196 by 16, tht 
product is 323136. Divide this by 26928 
and there will ariſe. 12 in the Quotien 
which muſt be placed in the fourth place 
and is the number of turns which the Fuſ 
hath, 

2. By the Beats and turns of the Fuſy 
to find how many hours the Watch wi 
go, thus, | 

As the Beats of the Ballance in ons 
hour, are to the Beats in one turn of r 
Fuſy : : So 15 the number of the turns 
the Fuſy, to the continuance of t 
Watches going. In numvers thus, 

2196. 26928:: 12.16. 

3. To find the ſtrokes of the Ballan 
in one turn of the Fuſy, fay, As the nu 
ber of turns of the Fuſy, to the contin 
ance of the Watch's going in hours: : 
are the Beats in one hour, to the Beats 
one turn of the Fuſy. In numbers it 
thus, | 
| I2.16::; 20196: 26928, 


Sec 


IN Sect. 2. the Watch-part. 


hel 4- To find the Beats of the Ballance in 
my an | Bk ſay thus, As the hours of the 
my Watch's going, To the number of turns 
+4 of the Fuſy :: So are the Beats in one 
ad turn of the Fuſy, To the Beats in an hour. 
the In numbers thus, 
26 I6.12:: 26925. 20196, 
nt] $5. Tofind what Quotient is to be laid 
ce} upon the Pinion of Report, ſay thus, As 
1f7 the beats in one turn of the Great-wheel, 

To the beats in an hour :: So are the 
f} hours of the Face of the Clock (viz. 12 
vilf or 24) To the Quotient of the Hour- 
Wheel divided by the Pinion of Report, 
{ 7, e. the number of turns, which the Pi- 
nion of Report hath in one turn of the 
Dial-Wheel. In _ thus, 

26928. 20196 :: 

Or rather (to avoid ns ) fay thus, 
As the hours of the Watch's going, Are 
to the numbers of the turns ot rhe Fuly :: 
So are the hours of the Face, To the Quo- 
tient of the Pinion of Report, In num- 
bers thus, 16.12 :: 12. 9. If the hours 
'of the Face be 24, the Quotient will be 
13 ;' thus, 16, Iz :: 24. 18. 
 F 7. Having given a full account of all 
things neceſlary to the underſtanding the 
Art 
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Art of Calculation, I ſhall now reduc ,yn 
what hath been ſaid into praQtice, b Fuſ 
ſhewing how to proceed, im Calculating Fc. 
2 piece of Watch-work. tien 
The firſt thing you are to do, is td qy] 
pitch upon your Train, or beats of thi (gre 
Ballance in an hour: as, whither a ſwik parc 
Train, about 20000 beats (which is tht fe; 
uſual Train of a common 30 hour Pocket her 
Watch) or a ſlower Train of about 1600 jn « 
(the Train of the new Pendulum Pocket} whe 
Watches; ) or any other Train. upo1 
Having thus pitched upon your Trainy as {y 
you mult next reſolve upon the number} Quc 
of turns you intend your Fuſy ſhall have; lang 
and alſo upon the number of Hours, you 
would have your Piece to go : As ſuppol 
12 turns; and to go 3o hours, or 191] j 
hours (which is 8 days) or &c. 

' Theſe things being all ſoon determi 
ned ; you next proceed to find out t 
beats of the Ballance, or Pendulum, i 
one turn of the Fuſy, by the laſt F 
part 3. viz. As the turns of the Fuſy 
To the hours of the Watch's going : : 
1s the Train, To the number of beats i 
one turn of the Fuſy. In numbers thu 
I2+: 16 :: 20000, 26666, Which 1 
num- 
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T number are the beats in one turn of the 
b) Fuſy, or Great-Wheel ; and ( by Sect. I. 
q F 5. of this Chap.) are equal to the Quc- 
tients of all the Wheels unto the ballance, 

{4 multiplied together. This number there- 
nF fore is to be broken into a convenient 
ut parcel of Quotients : which you are to do 
bf after this manner. Firſt, half your num- 
N ber of beats, viz. 26666, for the reaſons 
IF in Sect, I. F 6. of this Chap. the half 
lf whereof is 13333- Next you are to pitch 
| | upon the number of your Crown-wheet, 
Ny as ſuppoſe 17. Divide 13333 by 17, the 
ef} Quotient will be 784 (or to ſpeak in the 
© language of cone that underſtands not 
Arithmetick, divide 13333 into 17 parts, 
4 and 784 will be one of them.) This 784 
5 the number left for the Quotients (or 
{turns) of the reſt of the Wheels and Pint 
ons: which being too big for one or two 
4 Quotients, may be beſt broken into three. 
Chuſe therefore 3 numbers, which when 
multiplied all together continually will 
come neareſt 784. As ſuppoſe you take 
10, 9, andg. Now Io times 9 is 90; and 
9 times 90 is 810, Which is ſomewhat 
too much. You may therefore try again 
ther numbers, as ſuppoſe 11, 9, and 8. 
Theſe 


== z== tt un > ® - : 
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Theſe multiplied as the laſt, produce 79 
which is as near as can be, and conven 
ent Quotients: 

Thus you have contrived your Pie 
from the Great-Wheel to the Ballanc 
But the numbers not falling out exactly 


according as you at firſt propoſed 5 you 


muſt corre& your work thus. Firſt t: 


find out the true number of beats, in on: 
turn of the Fuſy, you muſt multiply 79: 


aforeſaid, which is the true product of a 
the Quotients, by 17, the notches of tl 
Crown-wheel; the produt of this | 
13464, Which is halt che number of tr 
beats 1n one turn of the Fuly, by Sect. 
$ 5- of this Chap. Then to find the tru 
number of beats in an hour, ſay by F 6 
part 4. of this Section, as the hours « 
the Watch's going, viz. 116, to the 1 
turns of the Fuſy :: SO is 13464 the h 
beats in one turn of the Fuly, to Too 
the half beats in an hour : the numb 
will ſtand thus 16. 12 :: 13464- 1009! 
Then to know what Quotient is to | 
Jaid upon the Pinion of Report, fay by 
6. part 5. of this Set: As the hours 
the Watch's going, Viz 16, to the tu 
of the Fuſy, viz. 12;; So are the hou 


| 
f\ 
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of the Dial-plate, viz. 12, To the Quc- 
tient of the Pinion of Report. In num» 
bers thus, 16. 12 :: 12. 9. 
Having thus found out all 
4)36(9g your Quotients, 'tis eafie to 
- Cdetermine what numbers your 
5)55(:1x Wheels ſhall have: for chuſe 
5)45,9 What numbers your Pinions 
5)40(8 fhall have, and multiply the 
Pinions by their Quotients , 
17 and that produceth the num- 
bers for ypur Wheels, as you 
ſee in the Margin. Thus 4 is the num- 
ber of your Pinion of Report, and 9 its 
quotient; therefore 4 times 9g, Which 
makes 36, is the number for the Dial- 
wheel. So the next Pinion being 5, and 
its quotient 11, this multiplied produces 
55 for the Great-wheel. And the like of 
the reſt of the following cumbers. 
Thus, as plain as wotds can exprels it, 
I have ſhewed how to Calculate the num- 
bers ofa 16 hour Watch. 
F 8. This Watch may be made to go a 


longer time, by lefſening the Train, and $:&. 21. 


altering the Pinion of Report. Suppole 
you could conveniently flacken the Train 
to 16000, the halt of which is 8020. 
E Then 


26 
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Then ſay (dy F. 6. part 2. of this Se. 3 


As the halied Train, or Beats in an hour, 
viz. 8000, To the halted beats in one 
turn of the Fuſy, viz. 13464 : : So are 
the turns of the Fuſy, viz. 12, To the 
hours of the Watch's going: in numbers 
thus, 8000. 13464: : 12. 20 S0 that this 
Watch will go zo hours, 

Then for the Pinion of Report, fay, by 
the ſame F, part 5, As 20 the Continu- 
ance ; To 12 the turns of the Fuly :: So 
are 12 the hours of the Face, To 7 the 
quotient of the Pifiion of Report. In 
numbers thus, 20, 12 :7 12. 7, 
| Tie work is the ſame as be» 
4)28{7 fore, as to the numbers ; only 
—— the Dial-whecl is but 28, bes 
5)55(11 cauſe its quotient is altered 
5)45{:9 107 ; as appears in the Mars 
5)40(8 gin, by the Scheme of the 
Mg work. 


I7 S$ 9g. [ ſhall give the Reader 


one example more, for the | 


fake of ſhewing him the uſe of ſome of 
the foregoing Rules, not yet taken notice 
of in the former operations. Suppoſe you 
would give numbers to a Watch of about 
10090 beats in an hour, to have 12 turns 

| O 
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of the Fuſy, to go 170 hours, and 17 
notches in the Crown=wheel. 

This work is the fame as in.the laſt Exe 
ample F 7, In ſhort therefore chus, As 
the turns 12: are To the Continvance 
170:: So15rthe Train ro00o, To 141666, 
which are the beats in one turn of the 
Fuly. The numbers will ſtand thus, 
I24 170 :: 10000 141666. Halt this 
laſt is 70*33-. Divide this half into 17 
parts, and 4167 will be for the quorients. 
And becauſe this number is too big for 
quotients, therefore chuſe 4: as ſuppoſe 
to, 8, 8, and 64 (z.e; 6and } fitths } 
Theſe multiplied together as before, and 
with 17, maketh 718908, which are halt 


the cruc beats in one turn of the Fuſy. By 


this you are to find our your true Train 
firſt, ſaying =. the former example, As 

70 tO 12 :: 71808, to 506g 5 which 
Iaſt | is the os of th ie true Train of your 
Watch. Then for the Pinion of Report, 
fay, as 17c, to 12 ::- So 12, to 7%. 
Which Fraction ariferh thus: 1: you mul - 
tiply 12 by 1z it makes 144 5 and vice 
144 by 170, you cannot; bur ſetting, the 
114 (the dividend) over 170 (the Divt- 
lor) and there ariſeth this tration 4** , 
E 2 Wh ct 


Calculation of Chap. ILISca 


which is a Wheel and Pinion ; the lowerfgin ; 
is the Pinion of Report, and the upper is {Mov 
the Dial-wheel,according to Sel. F 3. off $ 
this Chapter. Or ( which perhaps will fconc 
be more plain to the unlearned Reader)IWat 
you may leave thoſe two numbers, inÞ ſhi 
their Diviſional poſture thus, 170)1 44, {minY 
which does expreſs the Pinion and Wheel, {whe 
in the way I have hitherto made uſe of. Jupor 
But to proceed. Theſe numbers beinghto fi 
too big to be cut in ſmallja m 

24)z0'3% Wheels, may be varied, asITrai 
— you fee a like Example 19you 
6;6o(1o F 5. of this Section: wzx,flor ) 
6)48(8 Say, as 144 is To 170 ::ſthat 
5)49(8 Sois 360, To 425: Or, ain ar 
5)33(6? 170, to 144 :: So is 3600 a 
—— — — To 305. In number thus] A 
17 144. 170 :: 360. 425, Ofpns cl 

170. 144 :: 360. 305, Dypdays 

vide 360, and either of theſe two fourth} Mr 
and Jaſt numbers by 4, 5, 6, 8, &c. (as is} inch 
direted in the Rule laſt cited.) Tf youfdivi 
divide by 8, you-will have for your ute 
numbers 443 2: or 3, If you divide by 75. 
15 (which will not bring it ſo near af 78 | 
integer) you will have 2+ or 4} : whichtall 
laſt are the numbers ſet down in the Mar whe 
g10 


LISR- 2 the Watch-part- 


erin ; where the numbers of the whole 
is Movement are ſet down. 
off F io. Having ſaid enough, I think, 
ll fconcerning the Calculation of ordinary 
r)IWatches, to ſhew the hour of the day : 
nÞ ſhall next proceed to ſuch as ſhew 
4, [minutes and ſeconds, The proceſs 
| Iwhereof is thus; Firſt, having reſolved 
upon your beats in an hour, you are next 
gito find how many bears there will be in 
|[Ja minute, by dividing your deſigned 
as} Train into 60 parts. And accordingly 
isyou are to find out fuch proper numbers 
z.þfor your Crown-wheel, and quotients, as 
::Ithat the Minute-wheel ſhall go round once 
25Fin an hour, and the Second=wheel once 
o, $10 a minute, 
$4 An Example will make all plain. Let 
Ye ns chuſe a Pendulum of 6 inches to go $ 
days, with 16 turns of the Fuſy. By 


23 


thi Mr Smith's Tables, a Pendulum of 6 Hero 


is} inches vibrates 9368 in an hour. This 
uf divided by 60 gives 156 beats for a mi- 


nute. Half theſe ſumms are 4684 and . 
by 78. Now the firſt work is to break this £ 6. 


:nf 78 into good proportions ; Which will 
cly fall into one quotient, and the Crown- 
rf wheel. Firſt, for the Crown-wheel ; let 
n; it 


Diſg. 


'A. r. 
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it have 15 notches. Divide 78 afore{ bich 
by this 15, the quotient will be 5, F 
ſo this firſt work is done : for a Crow" ** 
wheel of 15, and a Wheel My 
Pinion, whoſe quotient is 5(({ 


\ umbe 
in the Margin ) will go rou ue 


8$)40(s5 


15 ina minute, to Carry 4 Hay 
to ſhew Seconds. _s 
Next for a Hand to go round in \ros 
hour, to ſhew- Minutes. Now becaiff/'* 
there are 60 minutes in an hour, t1s þ ) 64 
breaking 60 into two got ) 60 
8)64.38 quorients ( which may bel ) 40 
8)60{7k ands6, or 8and 75, or &} © 
8)4ols and the work is done. 
Thus your number 4684, 11 f 
15 broken, as near as can be, i p 


proper numbers, 

But becauſe it does not fall out exad 
into the above-mentioned numbers, ye 
muſt Corre& ( as you were directed t 
fore) and find our the true number & 


beats in an hour, by multiplying r5 þ = 
5, Which makes 75 5 and this by þ id 


makes 4500, which is the halt of the tri 
Train. Then to find out the beats in onf 
turn of thy Fuſy, operate as before, vi 
As the number of turns, 16, To the coff 


tinuant 
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invance 192 :: 90 1s 4500 to 54000, 
hich are half the beats in one turn of 
he Fuſy. In numbers thus, 16. 192 : : 
"Joo. 54000. This 54000 mult be di- 
"Aided by 4500, which are the true 
\ umbers already puched upon, or beats 
,$ an hour. The quotient of this diviſion 
s 12, Which being net too big for one 
ſingle quotient, needs nor 
q Jro8{12 be divided into more. The 
$) 6448 work will ſtand, as you ſee 
) 60(7% in the Margin. 
) 4o('s As to the Hour-hand, the 
— Great-Wheel, which periorms 
15 only one revolution in 12 
turns of the Minute-wheel, 
- ill ſhew the hour. Or rather you may 
"Þrder it to be done by the Minute-wheel, 
4 ſhall be ſhew'd hereafter. 
F xr. I ſhall add but one Example 
Je ore, and ſo conclude this Section ; and 
hat is, To calculate the numbers of a 
Fiece whoſe Pendulum ſwings Seconds, 
Þ ſhew the hour, minutes, and ſeconds, 
nd to go 8 days ; which is the uſual. per- 
mance of thoſe Movements called 
" $0yal Pendulums at this day. Firſt, caſt 


[4 
, 
| 
- 


Je 


% (which 
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Sir F, My 
Ul f Ibid. 
: p the number of ſeconds in 12 hours p. 115. 


30 


laſt is moſt convenient. 


if you take all the Pinion 


the work will ſtand as in 
Margin. 

According to this comp 
tion, the Great-wheel will 
about once in 12 hours, 


ſhew the hour, if you pleaſe : the Sece 
wheel once in an hour, to ſhew the 
nutes'; and the Swing-wheel once ins 
aute, to ſhew the ſeconds, 
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(which are the beats in one turn of 
Great-wheel ) Theſe are 12 times 
minutes, and 60 times that, gives 43 
which are the ſeconds in 12 hours. 
this number ( for the reaſons before) 
V. Set.1- 21600. The: Swing-wheel muſt ne 
' be 30, to ſwing 60 ſeconds in one of 
revolutions, Divide 21600 by it, 4 
720 is the quotient, or number leſt to 
broken into quotients: 
ents, the firſt muſt needs be 12 for 
Great-wheel, which moves round ot 
in 12 hours. Divide 720 by 12, 
quotient is 60 ; which may be conve 
ently broken into two quotients, as 
and 6, or 5 and 12, or8 and 74, wh 


Of theſe que 


T 
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Thus I have endeavour with all poſ- 


ible plainneſs, to unravel this moſt my- 


ſerious, as well as uſeful part of Watch- 
work. In which, if I have offended the 
more learned Reader, by unartificial 
terms, or multitude of words, I defire 
the fault may be Jaid upon my earneſt 
intent to condeſcend ta the meaneit ca- 


pacity. 
SECT. IO, 


To Calculate the Striking part of a Clock. 


'$r. A Litho this part conſfifts of many 


Wheels and Pinions, yet reſpedt 
needs to be had only ta the Count-whee/, 
Strihiyg-mbegl, and Detont-wheel: which 
move roynd in this proportion' 5 The 
Count-wheel moveth round commonly 
one in 12, of 24 hours. The Detent- 
wheel moves round every ſtroke -the 
Clock firiketh, ſometimes but once in 
two ſtrokes Fram whence it follows, 

x. That as many Pins as are in. the 
Pin-whedl, fo many turns hath the De- 
rent-wheel, in one turn of the Pin-wheel. 
Or { which is the ſame ) the Pits of che 

F 


-Pin- 
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Pin-wheel are the. Quotient of thatf of 
Wheel, divided by the 'Pioicn of the D / 
reni-wheel. But it the Detent-whelſ Pix, 
moveth but once round in two'ſtrokes df the) 
the Clock, then the ſaid Quotient is bu -the 
halt-the oumber of Pins, Wh 

2. As many turns of the Pin- wheel 1 B 
are required to perform the ſtrokes of uf oth 
hours ( which are 78 ) So many turpf por! 
muſt the Pinion of Report have, to run -. 
round the Count-wheel once, Or thay pre: 
Divide 78 by the number of Striking , R 
pins; -and the Quotient thereof. ſhall by Gre 
the Quotient of the Pinion of Report. AF : +, J 
this is, in'caſe the Pinion of Report 
fixed to the arbor of the Pin-wheel, , hou! 
very commonly done. » 1 

All this I take to be very plain ; or or C 
it be not, the example in the Margin wif |. R 

clear all difficulties, Hey 24 
8)48(6 the, Locking-whegl is-4& ; . T 


the Pinion of, Report, is .6r C 
6)78' 13 pins:-the Pin-whegl is 78, uh ::. 
6)60{10 Striking-pins@re; 13. Ant whe 
6 J48, 8 {o of the reſt.;2,#meeg only * 
to remarkghers,.;{that '7} or gp 


being divided by the x 3;jpin&;! gives 64- . R 
which is the Quotient ptizthe Piniol] the: 


Wd 3%t;3z; the Clotk-part. 
ay of Report: as .was [before hinted. 
As for the Warning-wheel, and Flying- 
*M Pinion, it matters little what numbers 
{ they bave, their uſe being only to bridle 
{the rapidity of the m6tion of the other 
Wheels. 

Befades the laſt obſervation, there are 
uf other ways to find- our the Pinion of Res 
mM port, which will fall-under the next F. 
m5 2. Theſe following Rules will be of 
uf preatule i in this part:of Calculation, v4z. 

"nf , Rale 1; As the;number of turns of the 
Grear- wheel, or Fuly-; 
8 /', To the days of the Clock's continuauce: 
F -.:: So is the number of ſtrokes in 2.4 
| G_ viz...156, 
| To the ſtrokes ifi one turn of the Fuſy, 
F or Great-wheel. | 
i. Rule:2.. As the number of ſtrokes in 
q 24 hours, which are 156, 
4: . Tothe ſtrokes in one turn of the Fuſy, 
| 6r Great-wheel, 
W :: So arc the turnsof the Fuly, or Great-- 
| Shoal 
:To the days of the-Clock's continuarice, 
{ or going. 
{ - Rwe-3.-As the ſtrokes in'0ne turn of 
$ the Fuly; 


Wa: --* To 
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. To the ſtrokes of 2.4 hours, viz. 156: 
:: So is the Clock's continuance, 

. To the number of turns of the Fu, 
or Gteat-wheel. 

Theſe two haſt Rules are of no great uk 
(as the firſt is ) but may ſerve to corre 
your work, if need be, whenin breaki 
your Strokes into Quotients ( of whit 


preſently) you cannot come near the tra] , 


number, but a good many ſtrokes are leſt 
remaining. In this caſe, by Rule 2. you 
may find whether the continuance 0f 
_ Clock be to your mind, And bf 
ule 3, you may enlarge or diminif 
the number of turnsfor this purpoſe. The 
praxis hereof will follow by and by. 

The 2 following Rules are to find i 
numbers for the Pinion of Report, and 
the Locking-wheel, beſides what is fa 
before F 1. Inference 2. 

Rule 4. As the number of Strokes it 
the Clock's continuance, or in all w 
turns of the Fuſy, | 

. To the turns of the Fuſy, 

: : Soare the Strokes in 12 hours, whict 
are 78, : 

« To the Quotient of the Pinion of R 
port, fixed upon the arbor of the Gren 
wheel. But 


— 


> I — ww_ La. MS di... Md ——— _ —w__ 


To 


&&. 3, the Clockpart 
But if you would fix it to any other 
Wheel, you may do it thus, as is before $ r. 


hinted, wer . 

Aule 5. Firſt, find out the number of 
Krokes, in one tart of the Wheel you in- 
tend ©o fix your Pinion of Report upon 
(which I ſhall ſhew you how to do mn 
the following $-). Divide 78 by this 


number, and the number arafing in the 


Quotient, is the Quotient of the Pinion 
of Report. 

Or thus. Take the number of Strokes 
it-+ ae turn of the Wheel, for- the num- 
bet of the Pinion of Repore, and 78 for 
the Count (or Locking) wheel, and vary 
them to leffer mumbers, by Se. 2. 5. 
of this Chapter. | 

Rale 16.” The foregoing Rudes are of 
greateſt uſe, in Clocks of a larger conti- 
nuance 3 aitho, Where they can be ap- 
plied, they will indifferently. terve. all. 
But this Rule ( which will (erve larger 
Clacks too) 1 add chicky for the uſe of 
leffer Pieces, whoſe continuance 35 ac + 
counted by hours. | 

The Rule is 16 find the Strokes in the 
Clock's contiruance;uia.As 22, is $078 : : 


#4 Soare the hours 'of the Clocks continu» 


ane, 


Infer =; 
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. ber of Turns, 
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ance, To the number of Strokes in that 
time. - 

This Rule (I faid) may be made uſed 
for the largeſt Clock ; but then you 
muſt be at the trouble of reducing the 
Days intoHours Whereas the ſhorteſt way 
is to Multiply the ſtrokes in one 'turn '0f 
the Great- wheel, by the humber of Turns 
Thus in an 8 day piece the. Strokes 'm 
one turn are 78;. Theſe multiplied by 16, 


the turns, produce 1248 ; which are the | 


lf 


Strokes in the Clock's cdntinmenc© 


-you work .by 'the foregoing: 'Ruleyd the} 


hours of :8 days'are 192. + Then tay, 


12:78 :: 91.1248. 


I 'begin with ſmaHl Pieces : 
but ' briefly. And- firſt, © having pitched 


upon.the number of turns, and the:conti} 


nuance, you muſt find,” by therlaft Rule, 
how -many .Strokes are 1n its*.continb 
ance. Then divide theſe Strokes'by-rhe 
number of turns; and you havethe num 


ber .of Strikingspins © Or divide by the} 


number 6f Pins; and:you' have the: nuit- 


$3." In'this Pntopk, I ſhall ſhew-thel: 
| uſe of the preceding Rules, 'and by exam 
ples :make' all plain rhat might ſeem! ob} 
- cure in them. 261.136 
- of which 


Thu} » 


wy >” 


_=zrx zx_ © = 
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Se 3. © the: Clock-part. 
Thus a Clock of 30+ hours,--with.15 
turns. of the. Great-wheel , hath 195 
ſtrokes. For by the laſt Rule, I2.78 :: 
30-195 Divide 195 by 15, it gives 13 
tor the. Striking-pins, Or 
19)195(13 if you chuſe 13. for your 
13)r95 US number of Pins, and divide 
195.by, it, it gives I5, 'for 
the number. of curns, as you ſee. in the 
Margin. 
As for the Pinion.of Report, and the 
zeſt of the Wheels,..cnough is ſaid-in the 


. 'T + - 
+-But ſuppoſe you-would calculate the 
numbers of a Clock of much longer con- 
-tinuance, which. will. neceſlitate you to 
make: your Pin-wheel further diſtant from 
| 5 Great-wheel, you are to praceed thus: 

[Having retolved -upon your. turns, you 


| 0ne-turn of ghe.Great-wheel, or Faly, by 
£2 Rule x. ;Thusin an 8 day piece, of 
16 turns, 16-8.:: 156.78. Yona piece 
of 32 days, and 16 turns, 16. 32: : 156. 
312+, - Theſe ſtrokes ſo found out, are 
the number which. is to, be broken into a 
convenient parcel of Quotients, thus ; 
Firſt reſolve upon your number of Seri- 
king 


: muſt find out the number of ſtrokes in - 
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king-pins: divide the Jaft named number 
by it: The quotient ariſing kence, is to 
be ane, or more quotients, for the Wheek 
and Pinions. As in the hſt example, 
Divide 78 by $8 (the ufual pins in an 8 dy 
piece) and the quotient is 94 3 whichy 
2 quotient httle enough. So in th 
Month-piece : if you take your Pins} 
divide 312 by it, the quotient is 14 
Which being too big for one, muſt þ 

broken into two quot 


ro)6;(6+ ents, for Wheels an 

8),(6 Pinions, or as near 
6)4*(8 pins can be: 'which may þ 
7 andg,or 6 and 63.Ty 


latter is exactly 39, and may t | 
ſtand : as you ſee is done in the Margin 
The quotients being thus determir 

and accordingly the Wheels and- Pinie 
2s you ſee ; the next work js to find 
quotient for the Pinion of Report, toe 
ry round the Count (or Locking) wh 
once in 12 hours, or as yon pleaſe. 

you fix your Pinion of Report on t 
Great-wheel arbor, you muſt operate 
the Rule 4. of the laſt paragraph. A 
the laſt example in the Month-piece : 
Rule 6. before, the ſtrokes in the conti 


Fe: 3- the Clock-part. 

ance are 4992, Then by Rule 4 fay, 
4992- 16 ::78+4432 5 or thus,4992) 12.48, 
The firſt of which two numbers. 4s the 
Pinion, the next is the Wheel. Which 


being ro0 larpe, may be varied to 14 Gp V- Sef.r; 
36g ; or to 2 or 246, by Set.2 F 5.*3 


before. | 
Theſe numbers being .not the uſual 
numbers of a Month-piece, but only-made 
uſe of by me, as better: illuſtrating the 
foregoing Roles ; I thall therefore, for the 
fuller explication of what has been ſaid, 
briefly touch upon the' calculation of the 
x= more uſual numbers. They eommonly 
| encreaſe the number of Striking-pins, and 
ſo make the Second-wheel the Striking- 
wheel: Suppoſe you take 24 Pins';; Di* 
vide 31% by it, and the Quotient is 13. 
Whichs !itcle enough 

Drog(ty for one . Quotient ; 
6) 72(12.24 pifis and may thereſore 
ſtand 8s you {er 1s 

donie irfthe Margin : where the Quorient 
v of tlie firſt Wheel is 13. Inthe ſecond 
Wheel of 7z teeth, are the 2.4 pins, altho 
its quotient is but 12, becaute the Hoops 
Wheel is double, and goes round bur once 


O in two ftrokes of the Pin-wheel. 
| G Tie 
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The Pinion of Report here, is the ſame 
with the laſt, if fixed upon the arbor of 
the Great- wheel. But if you fix it on the 
arbor of the Second, or Pin-wheel, its 
quotient then is found by YF 1. Inter. 2. 
or by F 2. Rule 5, viz. Divide 78 by 24, 
and the number ariſing in the quotient, is 
| the quotient of the Pinion of 
12);z9(3% Report, which is 3 4- The 

Pinion of Report - then being 
12, the Count-wheel will be 39, as in 
the Margin. 

To perfet the Reader in this part of 
Calculation, I will finiſh this Section with 
the calculation of a Year-piece of Clocks 
work. The Proceſs whereof is the ſame 
with the laſt, and therefore 1 may be 
more brief with this, except where I have 
not rouched upon the foregoing Rules. 

We will chuſe a piece to go 395 days 
with 16 turns, and 26 Striking-pins. By 
Y 2. Rule 1. there are.385 1 ſtrokes in one 
rurn of the Great-wheel. For 16:395 :: 
156. 3851. This laſt number divided by 
the 26 Pins, leaves 148 in the quotient, 
to be broken into two or more quotients, 


for Wheels and Pinions. Theſe quotients | 


may be 12 and 13 ; which multiplied, 
makes 


$:t. 3. the Chck-part 


makes :44, which is 
10)120(tc2 as near as can well be, 
'$) 96(12 to 148. The work thus 
78126 pins far contrived, will 
ſtand as you ſee in the 

Margin, 
Before you go any further, you may 
corret your work, and ſee how near 
your numbers come to what you propo- 
{ed at firſt, becauſe they did not fall our 
exat. And firſt, for the true continuance 
of your Clock; If you multiply 12, 12, 
and 2.6 (4. &. the Quotients un's the Stri- 
ling-pins, and thoſe Pins) you have tbe true 
umbey of Strokes, in one turn of the Greats 
wheel : Which, in this example, make 
1744 For 12 times 13, 1s 144; and 26 
times that, is 3744 (This DireRion I 
vould have noted, and remembered, as 
t Rule uſeful at any «me to diſcover the 
nature of any-piece of Clock-work.) Ha- 
ring thus the true number of Strokes de- 
fed, by F 2. Rule 2. you may find the 
true Continuance to be only 384 days. 
for x56. 3744 :3 16. 384. If this Conti- 
wance doth not pleaſe you, you may 
me nearer to your firſt propoſed num- 
ter, of 395 days, by a ſmall cncreaſe of 
G 2 the 
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the number oi Turns; according to Fu. 
Rule 3. viz. by making your turns ah 
moſt 16 3. For 3744-156 :: 395. 16 
almoſt. 
Laſtiy, For the Pinion of Report, if 
you fix it upon the Great-wheel, it wil 
require an exceſſive number : if you fixit 
upon the Pin-whee! (which is uſual) theo 
'by F 2. Rule 5, the quorient 

13)39(3 is3; and the Pinion of Re 
| port being 13, the Count 

wheel will be 39 ; as you ſee in the Mar 

in. 

But for the better exerciſing. the Reade, 
ler us fix it upon the Spindle of the & 
conde wheel 96. Its quotient is 
which mulciphied by 26 (the pins ) pre 
duceth 312 ; which arethe Strokes 1n or 


turn of that Second-wheel. Then by $1 
Rule 5, Divide 78 by 31, te. Set then 
as a Wheel and Pinipn thus, 312.)78, ant 
vary them to le{ſer numbers(by SeR. 1 
$ 5-) viz. 36)9, or to 24)6, ior 
like, 

I think it needleſs to fay any thing 
Pocket-clocks, whoſe calculation is tl 
very ſame, with what goes belore. 


Tht 
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That the unlearned Reader may not 
think any thing going betore difficult, I 
need only to adviſe him, to look over the 
working of the Rule of Proportion, in 
Set. 2, F 4 Forl think all will be plain, 
if that be well underſtood. 


SECT 4 
Of Quarters and Chimes. 


_— Reader will expect that I ſhould 
fay ſomewhat concerning Quarters 
and Chimes : bur becauſe there is little, 
but what is purely. mechanical in it, I 
ſhall ſay the lets, and leave the Reader to 
his own invention. 

F r. The Quarters are generally a di. 
ſtin& part from the Clock-part, which 
ſtrikerh the Hour. 

The Striking-whee! may be the Firſt, 
Second, or &c, Wheel, according to your 
Clock's continuance, Unto which Wheel 
you anay fix the Pinion of Report. 

!' The Lockimg-wheel! muſt be divided as 0- 
therLocking- wheels) intc 4,8,0r more un- 
equal parts,lo asto ſtrike the Quarter,and 
lock at che firſt Notch ; the halt-hour, and 
lock 
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lack at the ſecond Notch, &c. And in 
doing this, you may make it to chime the 
Qaarters, or ſtrike them upon two Bells, 
or more, 

'Tis uſual for the Pin»-wheel; or the 
Locking-wheel, to unlock 'the Hour-part 
in theſe Clocks ; which is eaſily done by 
ſome jogg or Latch, at the end of the 
laſt Quarter, to lift up the Detents of the 
Hour-part. 

If you would have your Clock ſtrike 
the Hour, at the Half-hour, as well as 
whole Hour, you muſt make the Locking- 
wheel of the Hour-part | double : 2. et 
muſt have two Notches of a ſort, tofſtrikt 
I, 2, 3, 4, &c. twice apiece. 1-1} 

F 2. As for Chimes, I need ſay nothing 
of the Lifting-pieces and Detents, to lock 


and unlock ; nor of the Wheels to bridle | 


the motion of the Barrel. Only you are 
to obſerve, that the Barrel muſt be as long 
in turning round, as you are in Singing 
«. the Tune it is to play; As for the Chime» 
Barrel,it may be made up of certain Barrs, 
that run athwart it, with a convenient 


number of holes punched in them, to put ]} 


in the Pins, that are to draw cach Ham- 
mer. By this means, you may change 
the 
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the Tune, without changing the Barrel. 
This is the way of the Royal Exchange 
Clock in Loxdon,and of others.In this caſe, 
the Pins or Nuts, which draw the Ham» 
mers, muſt -hang down from the Barr, 
ſome more, ſome leſs, and ſome ſtand np- 
right in the Barr : the reaſon whereof is, 
to play the Time of the Tune rightly. 
For the diſtance of each of theſe Barrs, 
may be a Semi-brief,or &c. of which here- 
aſter. 

» Bur the moſt uſual way is, to have the 
Pins that draw the Hammers, fixed on 
the Barrel. For the placing of which Pins, 
you may make uſe of the Muſical Notes, 
or proceed by the way cf Changes on 
| Bells, wiz. 1,2, 3, 4, Sc. The firſt be- 
ng ſar the better way, I ſhall ſpeak of 
that chiefly, eſpecially becauſe the latter 
will fall in to be explained with it. 

And firft, you are to obſerve what is 
the Compaſs of your Tune, or how many 
Notes or Bells there are ſrom the higheſt 
to the loweſt: and accordingly you muſt 
livide your Barrel from end toend. Thus 
n the examples following, each of thoſe 
Tunes are 8 notes in compaſs ; and ac- 
crdingly the Barrel is divided into 8 
parts. 


Making of 
parts. Theſe Diviſions are ſtruck round 
the Barrel, oppoſite to which are the 
Hammer-tails. 
I ſpeak here, asif there was only one 
Hammer to each Bell, that the Reader 
may more cleariy apprehend what I am 
explaining. But when two Notes of the 
ſame ſound come together in a Tune, 
there muſt be two. Hammers to that Bell, 
to ſtrike it. So that if in all the Tune 
you intend to Chime, of 8 notes compa 
there ſhould happen to be ſuch doublt 
' Notes on every Bell, inſtead of 8, you 
muſt have 16 Hammers : and according 
ly you muſt divide your Barrel, and ſtrike 
16 ſtrokes round it oppoſite to each Ham 


mer-tail. Thus much for dividing you. 


Barrel from end to end. 
In the next place, you are to Civideil 


Ch. II. 


(round about) into as many diviſions, u 
there are Muſical Barrs, Semibriefs, 
Minums, &c; in yoitr Tune. Thus th 
. Tooth Pfalm-tune hath zo Semibriels; 
the Song=tune following, hath 2.4 Bam 
of triple time: and accordingly their Bat 
rels are divided. Each Civiſton therefc 
©f the xooth Palm Barrel is a Senibrit 
and of the Song-tune 'ris three crotchet 

And 
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And therefore the intermediate Spaces 
ſerve for the ſhorter notes: as, one third 
of a diviſion, is a Crotchet, in the Song- 
Ne | tune. One half a diviſion, is «8 Minum ; 
ex | 4nd onequarter a Crotchet, in the Plalm- 
m|- tune. Thus the firſt note in the Tooth 
he | Palm, is a Semibrief, and accordingly on 
e | the Barrel, 'tis a whole diviſion from 5 
1} to5. The ſecond is a Minum, and there- 
es} fore 6 is but half a diviſion from 5 ; and 
«| foof the reſt. And fo alſo for the Song» 
6} tune, which is ſhorter time : The two 
on | firſt notes being Quavers, are diſtant from 
| [ne another, and from the third pin, but 
kel half a third part of one of the diviſions. 
m-| But the two next pins ( ofthe bell 3, 3) 
We yerg Crotchets, are diſtant ſo-many third 

-partSof a diviſion, And the next pin (of 
ii} the bell : ) being a Minum, is diſtant 
x} from the following pin (4) two thirds of 
6, 4 diviſion. 

From what hath been faidg you may 
conceive the ſuriace of a Chime-barrel, 
to be repreſented in the Tables following, 
as flrerched our at length: | op ( to ſpeak 
plainer) that 'if you Wrap either of "thefe 
| Tables round a Barrel, © the Dotts'1in the 
if Table, will ſhew the places -of the 

H Pins, 
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Pins, to be ſet on the Barrel. 

You may obſerve in the Tables, that 
from the end of each Table to the begin» 
ning, is the diſtance of gwo, or near two 
diviſions: which is for a Pauſe, between 
the end of the Tune, and its beginning * 
to Chime agun. 

I need not ſay, that the Dotts running 
| about the Tables, are the places of the 
Pins that play the Tune, 

If you would have your Chimes com- 
pleat indeed, you ought to have a ſet of 
Bells, to the Gamut notes; ſo as that 
each Bell having the true ſound of Sol, 
La, Mi, Fa, you may play any Tune, 
with its Flats and Sharps. Nay, you may 
by theſe means, play both the Baſs and 
Treble, with one Barrel. 

If any thing going before appears gib- 
| beriſh, I can't help it, unleſs I ſhould here 
teach rhe skill of Muſick too. 

As to ſetting a Tune upon the Chime» 
barrel from the number of Bells, viz. 
I,2, 3, 4, I ſhall here give you a ſpeci- 
men thereof. , 

Such Command &re my Fate, in num- 


bers. 


ed 2 775» 
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775, Js 3» I: 4s 5s Os 4s 4y 2 
4.3» 2» 3» 4» Gs 3» 5» 7» 7 7-l| 
5, 6,8, 8,4. 44 45 3» 5+ 4þ 
6,5, 74 5» 35 41» 3» 5s Ss 5+ 
3, 3» I, 3» 5+ 554, 2, 4» 6+ 
4» F323» 35532 5» 7s 7y 7» 


Note, In theſe numbers, a Comma [,] 
ſignifies the note before it,to be a Crotcher, 
A prick'd Comma, or Semi-colon |; ] de- 
noteth a prick'd Crotchet. And a Period 
[.J is a Minum. Where no punctation 
15, thole Notes are Quavers. 

I ſhall only add further, that by ſet- 
ting the Names of your Bells at the head 
of any Tune (as is done in the Tables be 
fore) you may eaſily transfer that Tune, 
to your Chime-barrel, without any great 
Skill in Muſick. But obſerve, that each 
line in the Muſick, is three notes diſtant; 
ze. there is a Note between each line, 
well as upon it: asis manifeſt by inſpe& 
ing the Tables, 
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SECT. $5. 


| To Calculate any of the Celeſtial Motions. 


The Motions I here chiefly intend, are 


the Day of the Month, the Moons age, 
the Day of the Year, the Tides, and (if 
you pleaſe) the flow motion of the Suns 
Apogzum, of the Fixed Stars, the motion 
of the Planefs, . &c: 

F :.. For the effeing theſe Motions, 
you may make them to depend upon the 
Work already in the Movement 3 or elſe 
meaſure them by the beats of a Ballance, 
or Pendulum. 

If the latrer way, you muſt however 
contrive a Piece ( as before in Watch» 
work) to go a certain time, with a cer- 
tain number of turns. 

But then to Specificate, or determine 
the Motion intended, you muſt proceed 
one of theſe two ways : either, 

rt. Find how many beats are in the Re- 
volution., Divide theſe beats by the beats 
in one turn of the Wheel, 'or Pinion, 
which you intend ſhall drive the intended 
Revolution ; and the Quotient thall be 
the 


| 
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the number to perform the fame. Which, 
if too big for one, may be broken into 
more Quotients. Thus, it you would 
repreſent the Synodical Revolution of the 
Moon, which is 29 days, 12 3 hours) 
with a Pendulum that ſwings Seconds, 
the Movement togo 8 days, with 16 
turns of the Fuſy, and the Great-wheel to 
drive the Revolution, Divide 2551500 
( the Beats in 249 days 12 4 hours ) by 
43200 (the Beats in one turn'of the Greats 
wheel) and you will have 59 in the Quo- 
tient : which being too big for one, may 
be put into two Quotients. Or 

2. You may proceed as is direQed bee 
fore, in the Section of Calculating Watch- 
work, viz, Chuſe your Train, turns of 
the Fuſy, Continuance, &c. And then 
inſtead of finding a Quotient for rhe Pini- 
on of Report, find a number (which is all 
one as a Pin. of Report) to Specificate 
your Revolution, by this following Rule. 
' Rule. As the Beats in one turn of the 
Great-wheel . To the Train : : So are the 
Hours of the Revolution, To the Quott 
ent of the Revolution. 

Thus to perform the Revolution of 8+ 
turn (Which is 29 years, 183 days) witha 
19 
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16 hour Watch, of 26928 Beats in one 
turn, of the Fuſy, and 20196, the Train : 
the quotient of the Revolution, will be 
193824. For, As 26928, To 20196: : 
$ 258432(the Hours in 29 y. and 18; d.) 
To 193824. Note here, That the Great- 
wheel Pinion is to drive the Revolution 
work. 

But if you would have the Revolntion 
to be driven þy the Dial-whee!, and the 
Work already in the Movement ( which 
n great Revolutions, is for the moſt part, 
45 nice as the laſt way, andin which I in- 
tend to treat of the particular Motions) 
n this caſe, 1 fay, you muſt firſt know 
the Days of the Revolutiov. And becauſe 
the Dial-wheel goeth round twice in a 
ay, therefore double the number of the 
days in the Revolution, and you have the 
mmber of turns of the Dial-whecl in that 
ime. This number of turns is what you 
ze to break into a convenient number of 
quotients, for the Wheels and Pinions 4 
15 _ be ſhewed in the following exam- 
pes. 

F 2. A Motion to ſhew the Day of the 
Month, 


The 


56 
Oughtred. 
$ 26. 


» carrieth about a Ring of 62 teeth, divid 


Celeftiial Motions. . Ch, II, 


The days in the largeſt Month are z1, 
Theſe doubled are 62, which are the turns 
of the Dial-wheel, which may be broken 
intotheſe two quotients 15 ; and 4; which | 
multiplied together make 62.. Therefore | 
chuſing your Wheels and Pinions, as hath f 
been direted in the former Seftions, your 

work is done. The Wheek 
4)62(15% andPinionsmay be, as ya , 
5)20(4q ſee done ing the Margin 
Or if a larger Pinion: than 


one of 5 be neceſiary, by reaſon it iscon- ” 
centrick to a Wheel, you bh 

4)62(153 may take 10 for the Pinion, «; 
io(gol4 and 4o for the Wheel, asuſ, 


.the Margin. 

The work will lye thus in the Move 
ment, viz. Fix your Pinion 10, concer ) 
trical to the Dial-wheel (or to turn rounl]. 
wsh it upon theſame Spindle.) Thish 


nion 10 drives the Wheel 40 : whit by 
Wheel has the Pinion {41n its cenrer, whid 106 


on the upper ſide into 3x days. 

Or, you may, without the trouble" 
many Wheels, gffet this motion; vl 
By a Ring divided into 3o or 3 1 days, 
as many Fangs or Teeth, like a Crow 
wm 


vo, 
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wheel teeth, which are caught and puſh- 
ec forward once in 2.4 hours, by a pin in 
a Wheel, that gocth round in that time. 
This 1s the uſual way inthe Royal Pendu- 
lums, and many other Clocks ; and there- 
= being common, I ſhall ſay no-more 
of it. 
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F1. 4 Motion to ſhew the age uf they @, 
Moon, 
The Moon finiſhcth her courſe, ſo as 


to overtake the Sun, in 29 Cays, and a 
little above an half, This 2g z days;(nor 
regarding the ſmall excels) makes 59g 
twelve hours, or turns of.the Dial-wheel, 
which 41s to. be broken 'into convenient 
» - quotientswhich 

10)590:9 4)59(143 may be 5.9 and 
4)4o(10- 10)4o(4 LO.AS.in the {ir {t 
cxample; or 144 

1nd 4, as in /the fecond.example in the 


IMargin. So that if you fix a Pimion of 


10 concentrical with your Dial-w! heel, to 


Iitrive a Wheel of 40 (according to the 


aſt example ) which Wheel qo drives a 
non 4, Which carries about a Ring, or 
heel of 59 recth, divided on the upper 
We into 29 5; "twill ſhew the Moons 
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$ 4. A Motion to ſhew the day of the 
Tear, the Sun's place in the Ecliptick, Sun's 
Riſing or Setting, or any other annual motion 
of 365 days. 

The double of 365 1s 730, the turns of 
the Dial-wheel in an year : which may 

be broken into 
4)73018% 4)73(18: theſe quotients, 
4)40{10 4)32(8 viz,18 :, and 1o, 
5)Jzo(4 4)20(s5 and 4, according 
to the firſt exam: 

ple; or 18 z, 8, and 5, according to the 
ſecond, So that a Pinion of 5 is to lead 
a Wheel of 20; which again by a Pinion 
of 4, leadeth a Wheel of 4o ; which third- 
ly, by a Pinion of 4, carrieth about 4 
Wheel, or Ring of 73, divided into the 
- 12 months, and their days; or into the 
x 2 ſigns, and their degrees ; or into the 
Sun's Riſing and Setting, &c, For the 
ſetting on of which laſt, you have a Te 
ble in Mr. Oughtred*s Opuſcula. 

F 5. To ſhew the Tides at any Port. 

This is done without any other trol- 
ble, than the Moon's Ring (before ment: 
oned F 3.) to move round a fixed circle 
divided into twice 12 hours, and num 
bered the contrary way to the ape of the 
Moon. | pl 


wu 
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To ſet this to go right, you muſt find 
out at what Point of the Compaſs 
the Moon makes full Sea, at the 
place you would have your Watch ſerve 
to. Convert that point into hours, al« 
lowing for every point North or S. loſt 
45 of an hour. Thus at London-bridge 
21s vulgarly thought to be high Tide, the 
Moon at N.E. and S. W, which are 4 
Points from the N. and S. Or you may 
do thus: by Tide*tables learn how many 
hours from theMoon'sSouthing, 'tis High- 
water.Or thus;find at what hour itis High- 
water, at the Full or Change of the Moon : 
3s at London-bridge, the full Tide is com- 
monly reckoned to be 3 hours from the 
Moon's Southing ; or ar 3 of clock at the 
Full and Change, The day of Corjundti- 
on, or New=Moon, with a little ſtand to 
point, being ſct to the hour ſo found, will 
afterwards point to the hour of full Tide. 
Thisis the uſual way ; bur it being al- 
ways in motion, as the Tides are nor, a 
better way may be found our, viz. By 
cauſing a Wheel, or Ring to be moved 
forward, only twicea day, and to keep 
time (as near as can be) with Mr. Flaw 
fteed's moſt correct Tables. But this I 
| I 2 ſha'l 


59 


Calculation of the Ch: IL 


ſhall commit to the ,Readers contrivance, 
it being eaſie, and more of curioſity than 
uſe. 

Y 6. To Calculate Numbers, to ſhew the 
Motion of the Planets, the Slow Motion of 
the Fixed Stars, and of the Sun's Apu« 
geum, QC, 

Having faid enough before that may 
be applied here, and they being only cu« 
riofities, ſeldom put in practice, 1 ſhall 
not therefore trouble the Reader, or ſwell 
my Book with fo many words, as would 
be required to treat of theſe Motions dir 
{tintly, and compleatly. 

Only thus much in general. Knowing 
the years of any of thete Revolutions, you 
may break this number into quortients; 
il you will make the Revolution to de- 
pend upon the years Motion ; which 1s 
already in the Movement, and deſcribed 
F 4. before. Or it you would have-it de» 
pend upon the D:al-yheel, or upon the 
Beats ol a Pendulur?, .cnough is faid be- 
tore to dire in 11s matter, 

In all theſe 5low raotions, you may 
ſomewhat i1:-:ten your labour, by end- 
[21s Screws ro ferve for Pinicns, which 

re but as a Pinion of one tooth, 


vyls 


tt. 5, Celeſtial Motions. 
Sir Fonas Moor's account of his large Mar.Com. 
vhere going by Clock-work, will ſuffi- © 17: 

ntly illuſtrate this paragraph. In this 


phere, is a Motion of 17100 years, for 
>» Sun's Apezeum, performed by fix 
ſheels, thus, as Sir Jonas relates it ; 
for the Great-wheel fixed is 96, a Spin- 
'Ule-wheel of x2 bars turns round it 8 
times in 24 hours, that is, in-3 hours ; 
after theſe, there are four Wheels, 20, 
73, 24, and 75, Wrought by endleſs 
Screws that arcin valuebut one : there- 
ore 3, 20, 73, 24, and 75 multiplied to- 


1285000 days, equal to goo years. 
"Now on the laſt wheel 75 is a pinion of 
6,turning a great Wheel, that carrieth the 
'Apogeum number 114: and 114 divided 
by 6, gives Ig the quotient: and goo 
times 19 1s 17100 years, 

Thus I have, with all the perfpicuity I 


uld, led my Reader through the whole 
it of Calculation, ſo much ot it at leaſt, 
at I hope he will be maſter of it all ; not 
ly of thoſe motions, which I have par= 
mlarly treated about, but of any other 
t mentioned : Such as the Revolution 

of 


gther continually, produceth 7884000y 5.4.1 
ours, which divided ; by 24 givess 4,5. 


De Subtil, 
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of the Dragons Head and Tail, whereby 
the Eclipſes of the Sun and Moon are 
found, the Revolution of the ſeveral Orhs, 
according to the Prolemaick Syſtem, or of 
the celeſtial bodies themſelves, according 
to better Syſtems, with many other ſuch 
curious performances, which have made 
the Sphere of Archimedes cf old famous: 
and fince-him, that of W:1/;am of Zelard 
and another of Fanellus Turrianus of Cre 
mona, mentioned by Cardas : and of late, 
that elaborate piece of Mr. Watſon, late 


of Coventry, now of Londoy, in her late 
Majeſties Cloſer. 


CHAP, IIL 


To alter Cl:ck-work, or convert on 
Movement into another. 


His Chapter I deſign for the uſe df 


ſuch, as would convert old Bak 


lance Clocks into Pendulums, or would 
make any old work ſerve for the tryal 


new motions, or would apply it to any! 


other ſuch like uſe. $1. 


% 
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Fr. To do this, you may draw a 
{heme of your old work: and ſo you 
vill ſee what Quotients you have, and 
phat you will want. To do all which, 
here are ſufficient inſtruQtions in the pre- 
&ding Chapter. A few inſtances will 
nake all plain. 

F 2. Let us chuſe for inſtance an old 
hallance clock to be turned into a Pendu- 
km of 6 inches. The old work is, The 
Great-wheel 56, the Pinion 7; the next 
Nheel 54, the Pinion 6; the Crown- 

wheel 19, &c. The Scheme 

1)48(r2 of this work is in the Margin. 
1)56(8 The Quotients and Crown- 
i549 Wheel and 2 Pallets multiplied 
—- together continually, produce 
19 2736, which are the Strokes 

of the Ballance, in one turn 

of the Great-wheel, by Se. I. F 4, 5. of 
the laſt Chapter. And by the Quotient 
of the Dial-wheel (which is 12) it appears, 
that the Great-wheel goeth round once in 
an hour-Or you may find the Beats in an 


i] of 
an) 
d 1. 


tour, by F 5.laſt cited. Having rhus found 
the Beats 1n an hour, of the old work, you 
muſt next find the Beats in an hour, ofa 6 


Inches Pendulum ; which you may do by 
Chap. 5. 


C4 


P-5 


To alter Clock-work. Ch. III. 


_ Di). Chap. 5.F 4. following ; or by Mr. Smzth' 


Tables, according to whom the number is 

9368. Divide this by 2736, and you 

havethe Quotient, which 

2736) )9368(3:7 is to be added to the 

Scheme of the old work, 

This Quotient is 3 and nezr ,, as youke 

in the Margin. 

The work thus altered, will 

4)48(12 ſtand as you fee in the Mar- 

7)56(8 gin, viz. a Pinion 6, and « 

6)54(g Contrate-wheel 21, muſt be 
6(2 *(33 added. 

wes According to this way, the 

19 old work will ſtand as betore, 


only the Crown-wheel muſt] 


be inverted, 

F 3. But becauſe the Crown-wheel is 
too big for the Contrate-wheel (which is 
unſeemly) therefore it will be beſt, to 
make both the Contrate, and Crown 
wheels new ; and encreaſe the number ol 
the Contrate-wheel, but diminiſh that of 
the Crown-wheel. To do which, pitch 
upon ſome convenient num mber for the 
Crown-wheel. Multiply all* the Quots 
ents, and this new Crown-wheel number, 
as beforez and divide 9368 by it. As, 
produg 
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Suppoſe you pitch upon 11 for the Crown=« 
wheel : if you multiply 8, 9 and 1x, the 
Product is 792 ; which multiplied by 
the 2 Pallets, makes r534, which are the 


Beats in one turn of the Great-wheel, or y. Sea. 1 
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nan hour. Divide 9368 by it, and you s « 


have near -6 for the Quotient 
4)48{r2 of your Contrate-wheel. The 
1)56(8 work thus ordered, will ſtand 
6)54cg 45 In the Margin. 
6)36'6 It you would correct your 
— Wecrk, to find the true num- 
1x ber of Beats in an hour, &c. 
you muſt proceed, as is ſhewn 
&&.2. F 6, and latter end of F 7. of the 
aſt "Chapter. 
| F 4. But ſuppoſe you have a mind to 
change the former old Watch, into a 30© 
hour piece, and to retain the old Ballance- 
wheel ( which may be often done: ) in 
this caſe, you muſt add a Contratc-whee!, 
nd alter the Pinion of report. For tic 
Contrate-wheel, chufe ſuch a Quoticnr, 
2s will beſt ſuit with the reſt of vour 
work 3 and then multiply all your Qu6- 
tients, Crown-whecel and » Palicts toge- 
ther, and fo find the number ci tarns in 
the Great-wheel, as before, T1 hcn {ay by 
KK Po 
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Sect. 2. F 6. part 5. before, As the Beats 
1n one turn of the Great-wheel, To the 
Beats in an hour: : So are the hours of 
the Dial, To the quotient of the Pinion 
of Report. 

Thus in the old work before; to the 
old quotients 8 and 9, you may add ano» 
ther of 8, for the Contrate-wheel. Thoſe 
multiplied, as was now directed, make 
21888, for the Beats in one turn of the 
Great-wheel. And then for the quotient 
of the Pinion of Report, ſay in numbers 

thus, 21888. 9368 ;: 125, 
6)zo'5 The quotient for the Pinion of 
7)56(8 Report is ſomewhat more than 
6)54/'9 5, Which overplus may be neg- 
6;48(8 lefted, as you fee by the Scheme 

— of the whole work in the Mar- 
I g10. 

If you deſire to know what 
number of turns, the Fuſy muſt have in 
this work 5 Say by the laſt quoted F, 
part 1, in numbers thus, 21888.9368 
:: 30.13 almoſt. So that near 15 turns 
will do. 

If you would correct your work, to 
know the exa& Beats, &c. you are refer- 
red to direRions in the end of the laſt pa- 
ragraph. FS 5. 


Chap. III. To alter Clock-work. 


F 5. I ſhall add but one thing more, 
to what hath been ſaid in this Chapter, 
ind that is, to change the Striking part 
of this old Movement, into a 3o hour 


ICE. 

A Scheme of the old 
4)z9{ 05 work is in the Margin. 
7)56(8 pins And to alter it, the beſt 
60)54(9 way is, fo double rhe 
6)4<(8 number of Striking pins, 

making the 8, ſixteen pins: 
ind the Hoop of the Detent-wheel double, 


that the Pin-wheel may ſtrike two ſtrokes, 
nits going round once. 

The greateſt inconvenience here, will 
x to bridle the rapidity of the Strokes 3 
xcauſe-a quotient of (2 only, added to 
be old work, will be ſufficient for this 
purpoſe: which being an inconvenient 
wmder, twill be neceſſary to be content 
vth the old numbers, or make more 


Nheels and Pinions new, than may be 
hought worth the while. 

It you would find what number of 
arns, the Fuſy will require; you muſt 
ind- how many Strokes are in 3o hours, 


* [y Sect. 3. F 2. R. 6. before. Theſe arc 


ys > Which divided by the £6 Pins, 
K 2 21V ES 
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gives ſomewhat morc than 12 turns of 
the Fuſy, 

Laſtly, for the Pinion of Report, you 
muſt purſue the directions 1n the laſt quo» 


red place, R. 5. 

The work thus altered, 
5W24(3% will ſtand as in the Mar- 
7 )56(8.16 pins gin. | 
6)54'9 
6)48(8 

CHAP; IF, 


To fize the Wheels and Pinions, 0 
proportion them to each other, 


both Arithmetically and Mechant- 
cally. 


F x. T Or the exact and eafie moving 

of the Wheels and Pinions to 
gether, it is neceſſary that they ſhould 
fit each other, by having their tecth and 
leaves of the fame wideneſs, or near 


the ſame wideneſs. For many do m_ 
| | | the 


Ch. IV. 


Chap IV. Pinions and Wheels, 


the Leaves of the Pinion narrower than 
te Teeth of its Wheel, by reaſon of 
their running deep 1n each other ; which 
52S if the Diameters of the Wheel and 
Pinion were leſs. But this I leave to thoſe, 
whoſe practice and obſervations are great- 
« than mine in theſe matrers. 

F 2. To make the Teeth of a Wheel 
ind Pinion alike, the way Arithmetically 
sthus, Firſt you maſt find the Circumfe- 
rence 'of your Wheel and :Pinion ; which 
you may belt do by the Rule of Three 
(ſo often made uſe ct before) the Rule is 
thus, as 715to 22.:: {01s the Diameter to 
the Circumference. Or more exactly 
thus, as 1, Is to 3,1416:: So Diam. to 
Circum. 

Suppoſe you have a Wheel of 2 inches 
diameter, and 60 Teeth, and would fit to 
it a Pinion of 6 Leaves. Firſt 7 22::2.6,3. 
The circumference of the Wheel, js then 
6 inches, and 3 tenths of an inch. Then 
fy, as the Tecth of the Wheel, to the cir- 
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-| cumference of it:: So are the Leaves of z; 


F. Moor 


2”. Com. 


the Pinion, to the circumtcrence thereol. R. 5. 
In numbers thus 60. 6,3::6.63. The 
Pinion then is 63 hundredth parcs of an 
inch round. 


Now 
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Now to find the Diameter, *tis but the 
reverſe of the former Rule, viz. As 22, to 
7:: So the Circumference to the Diame- 
ter. In numbers thus, for the foregoing 
Pinion, 22.7 :: ,63-22, The Diameter then 
of the Pinion muſt be two tenths of an 
inch,to fit the aforeſaid Wheel of 2 inches 
diameter, 

F 3. But becauſe thisway may bedifh- 
cult to perſons unacquainted with Decis 
mal Arithmetick, which is very neceſlary 
here ; therefore I ſhall ſet down a way to 
do it mechanically. Having drawn a Circle, 
divide it into as many parts, as YOu in 
tend leaves in the Pinion you would fize. 
From two of theſe points in the Circle, 
draw two lines to the Center: to which 
apply two of the Teeth of your Wheel, 
guiding them up and down until they þ 
touch at the ſame width on theſe Radu. 
Mark where this agreement is, and a ſmall 
circle drawn there, will repreſent the 


circumference of the Pinion ſought at- 
ter. 


CHAP. 


Chap. V. Of- Pendulums. 
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CHAE. V. 
Of Pendulums. 


_*# FF * Fro 2%. 4a& an 


ft. A Mong all known Motions ; 
- none meaſureth Time fo regu- 
ally, as that of a Pendulum. But yet 
Matches governed hereby are not ſo per- 
*t, but that they are ſubje to the vari- 
tions of weather, foulneſs, &c. And the 
horter, and leſſer the Pendulum is, fo 
mich the more-ſubje&t ſuch Watches are 
btheſe annoyances, 

There are two ways to obviate theſe in« 
nveniences in ſome meaſure. One way 
s to make the Pendulum long, the Bob 
vy, and to vibrate but a little way 
m \ts ſettlement. Which is now the 
ſt uſual way in Eng/aud. The other is 
e contrivance of the ingenious Mr. 7+ 
"ns, Which is, to make the upper part of 
rod, play between two cheek parts of 
Cycloid. Sir Jonas Moor ſays, that af- 
ſome time, and charge of AN—— 
16 


» De Hoyvol. 
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Id. ib9 he beheves this latter to be the better 
Rule 3. way. And Mr Z1ngexs calls it admirable, ' 
If any defire to know how to make & 
thoſe Cycloidal Checks, fit to all Pendu- I ge 
lums, I refer him to the aforeſaid Mr. Zi | 
lichem's Book, becauſe I can't ſhew how gf 
0(cil. p.1o, to do it, without the trouble of Figures ; I 
11,12 and this way is much ceaſed, fince the }jq 
Crown-wheel method ( to which it sJ,p 
chiefly proper) is ſwallowed up by the Jper 
Royal Pendulums. tic 
F 2. Another thing to be remark'd in {yh 
Pendulums is, That the longer the VibrJ 6 
tion is, the ſlower it is. For if two iſo Jy, 
chrone Pendulums do move, one the qua: Jy þ 
drant of a circle, the other not above 3 {wo 
or 4 degrees, this latter ſhall move ſome Jhoj 
what quicker than the former. Which is 

the true reaſory, why ſmall Crown-whetl ent 
Pendulums go faſter in cold weather, ot Jach 
when foul, than at other times: Yea, i Jy $ 
the beſt Royal Pendulum, 1f you put 1Jneaf 
divided plate behind the Ball, and ob « 

ſerve its ſwings,” you may perceive the{ 
Vibrations to be ſometimes ſhorter ; andÞqo | 
that then the Watch doth gain too much:Fhe 
Somewhat alſo may perhaps be attributedÞMy 
to the rarity or denfity of the air ; which cill 


h 1s 
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| have not yet had an opportunity of ob» 
krving, by comparing with a good Baro- 
ſope, the various vibrations of a good 


" {Royal Pendulum. But Mr. Boyl fays, 


that a Pendulum moveth as long, and as a;cct;,, 
aſt in a thick medium, as a thin one ; Preumer. 
contrary to the opinion of ſome Natura» ©: *5: 
liſts, who think the contrary. His opini- 
on 1s grounded upon the experiment of a 
Pendulum vibrating in his air-pump, the 
tir ſucked out, and in the open air ; 
vherein was no alteration. 

F 3. For the calculation of all Pendu- 
ums, 'tis neceſfiry xo fix upon ſome one, 


"Jo be as a Standard to the reſt. I pitch 


pon 2 Pend# to vibrate Seconds each 
hoke. 
Mr. Hugens lays down the length of a 


ied end. to ſwing Seconds to be 3 feet, 3 
, CYnches, and 2 tenths of an inch(according 
0 fo Sir F. Moor's reduRion of it to Erg/./þ ,,., 
t 2 Ineaſure. ) ; 
01 * The Honourable Lord Bruzcher (faith 
tt fir Forgs)*” and Mr. Rook, found thelengih Ii 


a 


ich; 


to be 39.25 inches, which a little exceeds 
the other : and may be, was juſtened by 


iedF Mr. Hugens's Rule for the Center of Ol- 


_ dllation, For Mounter's Pc.ndulum, that, 


L 6s ſhall 


Fingen;as 
at; ſupre, 
P. 141. 

Sirs F.Mer diarneter of that Ball ; 


diameter, to a fourth number. 
fiiths of that fourth number, to'the for-- 
mer. length; and you have the center of 
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* vibrate x32 times in a minute, it will be 
{© found likewiſe 8,x inches, agreeing to 
« 29,2 inches Engliſh. Therefore for cer- 
6 tain 392 inches may be called the 2ni- 
&« verſal meaſure, and relied on, to be the 

« near length of a Pend. that ſhall {wing 
« Seconds each vibration. 

But foraſmuch as the different ſize of 
the Ball, will make ſome difference in the 
lengch. of this Standard Pend., 
to make this Pend. an Univerſal meaſure, 
to fit a1] Places and Ages, you muſt mea- 
fure from the Point of Suſpenſion, to the 
Center of Ofcillation. Which Center is 
found by this- Rule,” As the length of the 
String from the point of ,Sufpenſion to the 
center of a round Ball : is to the Semt- 
: So 1s that Semi 
Add two 


Oſcillation ; and thereby the true length 
of this Standard Pendulum. 

-If it be defired to fit a Ball of a triangu- 
lar, quadrangular, or any other form to 


this Pend, the center of Oſcillation in any 
of theſe bodies, may be found in the laſt” 
cited book of Mr Zulichers. ' 


If 


therefore 


Chap. V- Of Pendulutys. 
If it be asked, What is the meaning of 
the Center of Oſcillation 2 The moſt in- 
telligible anſwer (altho not perfeQly true) 
s, That. it 1s that point -of the Ball, ar 
which if you imagine it divided into two 
parts, by. a circle, whoſe center is in the 
point of Suſpenſion, the lower part of the 
Ball ſhall be of the faite weight (or near 
) with the upper. 

F 4. Having this fixed « Standard, 1 
hall next ſhew how from thence to find 
the Vibrations, or Lengths of all othet 
Pendulums. Which-i is done by this Rule, 


Proportion to each other, as their Lenzths 
dl. Arndſo contrarywile. Wherefore to 
ind the length of a Pend. ſay; As the 
dquare of the Vibrations given : To the 
Square of 60 (the Standard) : : S9 is rhe 


-Jkngth of the Standard (v2. 19,z) To the 


kngrth of the Pend. ſought. 

It by the tength, you would find the 
Vibrations, "tis the reverſe of the laſt Rule, 
viz. As the length propoſed : To -the 
Standard (39 2) : * So is the Square of 65 
(the vibrations of the Standard ): Tori? 
Vibrations ſought, 


L 2 Sn1p= 


The ſquares of the Vibrations, bear the ſamt 7a b! 
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Suppoſe for example, you would know 
what length a Pend. is, that vibrates r53 
ſtrokes in a minute, The Square of 153 
(z.e. 153 times 153) is 23409. Say, 
23409. 3600 :; 39,2. 6. A Pend. then 
that vibrates 153 in & minute, 1s about 6 
inches long, 

On the other hand, if you would know 
how many ſtrokes a Pend. of 6 inches 
hath in a minute; Say, 6. 39,z : : 3600, 
23520. The ſquare root whereof is 153, 
and ſomewhat more. 

Note, Becauſe 141120 is always the 
Product of the two middle terms ,multj- 
plied together, therefore you need only 
to divide this number by the Square of the 
Vibrations, it gives the length ſought:; 


by the length, it gives the ſquare of the 


Vibrations. 

If you operate by the Logarithms, you 
will much contrat your labour. For if 
you ſeek the length, 'tis but SubſtraQing 
the Logarithm of the Square of the Vibre 
tions, out of the Logarithm of 141120, 
which is 5.149588, andthe Remainder is 
the Logarithm of the length ſought. 

If you feck the Vibrations, it is but 
Subſtrating out of the aforeſaid Log# 


rithm m 
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ichm 5.149588, the Logarithm of the 
kngth given, and half the Reſidue is the 
logarithm of the Vibrations required, 


The following examples will illuſtrate 
ach particular, 


To find the Length. 

Logarithtns. 
(41120 . ——— 5.149588 
153 Squared is 2.3409 4+ 369382 
Length 15 more than 6, 0. 780206 

To find the Vibrations. 

Logarithms, 
1411 20— __—— 7. 149588 
(inches long — = O« 778151 


————————_—_————_— 


Guare of the Vibr-———— 4. 372437 


$quare-root,or numb. of Vibr. 2. 385718 


s 153, and ſomewhat more. 


According to the foregoing DireQions, 
[have calculated the following Table, to 


fendulums- of various tengths: and have 
in ſhewed the Vibrations in tminu's, 
vy ang 
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and an hour, from 1 to 100 inches. If x 
any deGre a more minute account, I refer ec 
him to Mr Smith's Tables in his late Book, þ;-.; 
The reaſon why his calculation and mine $44 
differ, is becauſe he meaſureth the length {| 
of the Pend. from the point of Suſpenſion, $;,, 
to the lowet part of the Bob z and I only I, 
to the center of the Bob. His Standards |. 
are 6 4 inches, and 41 inches; and mine 6 
is. 39,2, for the reaſons aforegoing; + ye 
A Table of Swings in a Minute, and in ay bt 
hour, to Pendulums of ſeveral lengths. _ 
Pend. |Vibrat. [Vibrat. Pend, [Vibraf. |Vibrat. - 

ength' ina ſin an | |[lengthjin a \in an | 
in (Minute.Hour. ||: in |Minute. Hour, UCL 
ſinches] inches mp 
| 1 1375,7|22542]] 30 | 68,6 , * 
2 |265,6]15936] |-—| | 
3 [216,9]130914\[29,2 60.0 rd 
4 [187,8]11268||——|—— Jas 
| F |168,0|too8o|| 4o | 59.4 (6a) 
6 [153.3] 92041] 5o | 53.1 an | 
7 1142.0] 8520] 60 | 48.5 nd 1 
+ 8 x132,8| 7968|| 70 | 44.9 ſte: 
9 (I25,2 7512} 8 | 42,0] find 

10 [118 8, 7128]] go | 39,6 

20 } 84.0! 5ogollroo | 37.5 = 
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I'} The uſe of this Table is manifeſt, and 
"t Jeeds noexplication. As to the Decimals 


nthe column of Minute-Swings, T have 

Ided them for the ſake of calculating the 
olumn of Hour-Swings ; which would 
ve been judged falſe without them, and 
yould not have been exaQly true without 
nem. 

F 5: I have but one thing more to add 
this Chap. of Pendulums, and that is, 
[1 Corred their Motion, oe 

The uſual way is, to ſcrew up, or let 
own the Ball. In doing of which, a 
nall alteration will make a conſiderable 
zriation of Time: as you will find by 
ulculation , * according to the faſt *para- 
mph. To prevent the inconvenience of 
trewing the Ball too high, or low, Mr 


$ith hath contrivd a very pretty Table Ibid. 


dividing the Nut'of a PenduJum Screw, 
Jas toalter your Clock but a Second in 
(day. But by reaſon no Screw and Nut 
an be ſo made, as to be moſt exactly ſtrait 
ind truc, therefore it may happen, that 
ſtead of altering your Watch to your 
hind, you may do quite contrary ;- as 
tead of letting the Ball down, you 

raite it higher, by the falſe run- 


may 
vil ning 


$0 


Ibid. de 
CentyoOl(cil, 
Prop. 23. 
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ning of ' the Nut upon the Screw, 
Conſidering this irremediable inconye- 
nience, I am of opinion, that Mr Hy 
genss way would do very well, added to 
this. His way is, To have a fmall Weight, 
or Bob, to ſlide up and down the Pend, 
rod, above the Ball (which is immoves 
ble.) But I would rather adviſe, that the 
Ball be made to ſcrew up and down, to 
bring the Pend. pretty neer its gauge : 
and that this little Bob ſhould ſerve only 
for more nice corrections ; as the altera- 
tion of a Second, or &c. Which it will 
do, better than the Great Ball. For a 
whole turn of this little Bob, will not a 
fe& the motion of the Pend. near ſo much 
as a ſmall alteration of the Great Ball, 
The Dire@Qions Mr F7ugens gives, about 


this little CorreQtor, is, That it ſhould J. 


be equal to the weight of the Wire, 
Rod of the Pend., or about a 5oth part 
of the weight of the Great Ball, which 
he appoints to be three pounds. 

Perhaps this Bob may do its office, it 
it be made to ſcrew only up and down 
the lower part of the Rod, below the Ball 
If not, you muſt make it ſlide aboye the 


Ball, or be ſcrewed up rad down there. G 
[1% 
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Seeing this little Bob is nat the only 
Correor ( as in Mr Zwichems way ) 
therefore it is not neceſſary to inſert here, 
4hat ingenjous .perſon's Table, ſhewing 
what alterations of Time will be. made by 
fliding the Bob up and down'' the rod. 
Only thus. much may be obſerved in that 
Table of his, viz. That a ſmallalteration 
of the Correor towards the-lower end 
of the Pend., doth make as great an alte- 
ration of Time, as a greater. raiſing or fal- 
ling of it, doth make higher. _ Thus the 
little, Bob raiſed 7 diviſions of the Rod, 
from the Center of Oſcillation, will alter 
the Watch 15 ſeconds 3' raiſed 15,2 "twill 
alter it 30”. But whereas, if it be raiſed 
to.15 4.3 parts of the Rod, it will make 
the Watch gofaſter 3 minutes, 15 ſeconds, 
the Watch ſhall be but 3'. 30” faſter, if 
the: Bob be raiſed. to 1926. So that here 
you have but 15” variation, , by raiſing rhe 
Bob above 38 parts ; whereas lower, you 
had the ſame variation, when raiſed not 
above 7 or 8 parts. 

From what hath been faid, it appears, 
that about half a. turn of this little juſten- 
ng Bob, will at no time alter the Watch, 


. Jibove a ſecond in 24 hours ; and that 
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above a whole turn, will not alter it fo 
much, higher on the Rod ; ſuppoſing that 
the Bob atevery turn aſcended or deſcend- 

d a wholedegree of the Rod; which per- 
aps1t will not doin 2o turns: and con- 

. fequently, it will require many turns, to 
alter the Watch but one ſecond, 


pI 


—  — 


CHAP. VL 


The Antiquity, and general Hiſtay 
of Watch, or Clock-work, 


Fx. T is probable, that in all Ages, 
ſome Inſtruments or other have 
been uſed, for the Meaſuring of Time. 
But the earlieſt we read of, is the Dal of 
Ahaz, Concerning which, little of cet- 
» Kings Fainty can be ſaid. The Hebrew word 
20.11  Mavaleth doth properly ſignifie Degrees 
I/a;. 38. 8, Steps, or Stairs, by which we aſcend to 
any place, And ſo this word Mayalti 
is rendered E2ek. 40. 26. And according: 
ly the LXXII tranſlate the Mayaloth 


. Ahaz, by the words B«9u3s, ang ?Arefevpsi, 
"Ml 
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i, e. Steps or Aſcents, The like doth the 
Syriack, Arabick, and other Verſions. 
Some pretend to give a deſcription: of 
this Dial of Ahaz : but it being meer 
pueſſing, and little to my purpoſe, I ſhall 
not trouble the Reader with the various 


Jopinions about it. 
Among the Greeks and Romans, there- 
were two ways chiefly uſed to' meaſure” 


their Hours. One was by Clepſydre, 'or 
Hour- glaſſes. . The other- by the Solaria, 
or Sun-dials. The Karbvhes, ſays Suidas 


ment, by which the Hours were meaſured; 
Alſo, That it was a Veſſel, having a little 
bole in the bottom, which was ſet in the 
Courts of Fudicature, full of water ; by which 
the Lawyers pleaded, This was, ſays Phas 
vorinus, to prevent babbling, that ſuch as 
pake, ought to brief in their Speeches. 


As to the Invention of-thoſe Water- 
watches (which were, no doubt, of more 


common uſe, than only in the Laws De dir Ne- 
Courts) the Invention, I fay, of them, is © 25 


attributed, by Cenſorinus, to P. Cornelius 
Nafica, the Cenſor (Scipio Naſica, Pliny 
calls him.) | 


1, 0+ M 2 The 


$3 


- 
” 


md P havorinus, Was" Oygyayor as gghoy indy by b Lexic. it 


*F, +4 * p . verbo 
J« agz: weTg3I)art 2. e, An Aſtronomical Inſtru alles 
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Ibid. 


. Hiſt. © 
£ _ menes Milefius, the Scholar of Anaximan- 


In theLife . 
of Dim Plutarch commends for a very magnift- 


cent, and illuſtrious Piece. But this Iii 
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The other way of meaſuring the Hours, 
with Sun-dials , ſeems, from Pliny and 
Cenſorinas, to have been an earlier inven- 
tion than the laſt, Pliny fays, that Anaxis 
der, invented Dialling, and was the firſt 
that ſhewed a Sun-dial at Laced@mon. Yi- 


De Archit. $ruvius calls him Milefius Anaximander. 
L 6. C. 45: This Anaximander or Anaximenes Was Co 


temporary with Pythagoras, ſays Laerth 
« ; and flouriſhed about the time of the 
Prophet Danzel. 

But enough of theſe ancient Times 
engines, whichare not very much to my 
purpoſe, being not pieces of Watch 
work. 


S. I ſhall in- the next place rake notice fi 


of a few Horological Machines,, that I 
have met with ; which, whether pieces 
of Clock-work, or not, I leave to the 
Readers judgment, I 
The firſt is that of Dionyſius, which þ 


might beonly a well delineated Sun-dial. 
Another Piece, is that of Sapor King of 
Perfia. Whether that Sapor, who was 


Euſch. Vis. COXCIMPOrary with Conſtaptine the Great, I fie 
Conſt, 1. 3. 


know 
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Cardan faith it was made of P*'Subrit, 
aſs ; that the King could fit in the mid-* "7 


T OW nor. 


8% 


e of it, and ſee its Stars riſe and fer. 


it not finding whether this Sphere was 
joved by Clock-work ; | or whether it 
I any regular motion, I fhall ſwy no 
Fre concerning it. | 
The laſt Machine I ſhall mention in 
is Paragraph, is one I find deforibed by 
Which to me ſcems, to be 
ece of Watch-work, moved by an equal 
jux of Water. 

If the Reader wilt 'confult the French 
lition of Yitruvius, he will find thete a 
ir Cut of it. | 

Among divers feats which this Ma- 
ime performed (as founding Trumpets, 
rowing Stones, &c. ) one ufe of it was, 
 ſhew the Hours (which wete unequal 
that age) through every month of the 
ar, The words of Yitravius are, Agqua- 
ter influens aqua ſablevatScapham inver ſun 
mod ab artificibus Phellos frue Tympanan 
eitur) in quo Tolhotata regula, Vrſatilia 
Impana denticults wqualibus ſunt perfetta, 
Wu denticali alins alin imiptitentes, were 
iones modicas faciant, at twithouts. [tem 
ie Rignlz, aliagge Tylapana ad twitlem 


IUTMUINS. 


2, 


De Archi- ' 
e#.].9.c.93 


modum dentata, que una motzone coatta , 
wverſando faciunt effettus, warietateſque my 


tionum : in quibus moventur Sigilla, wer. th 
tuntur Mete, calcult aut Tona projiciuntur, bli 
Buccing canunt, fc. In his etiam, aut in i 
columena, ant paraſtatica Hora deſcribuw Yi 


tur 5 quas Sigillum egrediens ab imo vi 


lz, hgnificat, in diem totum : quarum bre. 


vitates ant creſcentias , cuncorum adjetta; 
aut exemptus, in fingulis diebus & menſibus, 
perficere cogit. 

The Inventer of this famous Machine, 
Vitruvius ſays, was one Ctefibius, a Bar- 


bers Son of Alexandria, Which Ctefibiue Þþt i 


flouriſhed. under Ptolomy Euergetes, fays 


via. phi. Athengius, 1.4. And if fo, helived about 
Lend. wot. in 2,40 years before our Saviours days ; and 


Viruv. 


' and fay ſomething more particularly of 


might be cotemporary with Archimedes, 
F 3. Thus having given a ſmall account 

of the ancient ways of Meaſuring Time, 

it is time to come cloſer to our buſinefs, 


Clock-work. 

Which is thought to be a much young- 
er invention, than the fore-mentioned 
Pieces ; and to have had its beginning in 
Germany, within leſs than theſe 200 years. 


It is very probable, that our Ballanceſ 


Clocks, 
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wa 
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locks, and ſome other Automata, might 
ave their beginning there; or that Clock- 
ork ( which had long been buried in 
blivion) might be revived there. But 
hat Clock work. was the Invention of 
bat age purely, I utterly deny ; having 
beſides what goes before) two inſtances 
bo the contrary, of much earlier date. 

F 4. The firſt example is the Sphere of 
frchimedes ; who lived about 200 years 
fore our Saviours days. There is no 


Inention of this Sphere in Archimedes his 


xtant works: but we have an account 
f it in others. Cicero ſpeaks of it more 
than once. In his 2d Book De Nature 
Deorum, are theſe words ; © Archimedem 
* arbitrantur plus valuiſſe in imitanduSphe- 
"r&@ converfionibus, quam Naturam in eff 
" c:endis, 8c. And in his 7Taſculane Que- 
tions, the Collocutor, proving the Soul 


Nam cum Archimedes Lune, Solis, quinque 
Errantium motus in Spheram illigauit, ef- 
fecit, &c, The Senſe is, That 4rchimedes 
contrived a Sphere, which ſhewed the 


{motion of the Moon, Sun, and five Pla« 


nets, 
But 


Lib. r. $ 
"I P ZF. Elit. i 
to be of a Divine Nature, argues from this E{z;:jv. 


Contrivance of Archimedes, and fays, / 


Sphar. Ar- that of Clandian, in theſe words, = F 
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But the moſt accurate deſcription is Th 


Jupiter in par vo cum cerneret ethera vitro, | r7, 
Rifit, & ad Superos talia ditta dedit: | 
Huccine mort alis progreſſa potentia curg? yp; 
Tam meus in fragili Iaditur orbe labur, 
Jura poli, rerumgue fidem, legeſq; Dearun, 
Ecce Syracufius tranſtulit arte Senex, 
Tucluſus variu famulatur Spiritus aftris, 

Et vivum certis motibus urget opus. 
Percurrit proprium mentitus Signifer aunwy, 
Et fimulata novo Cynthia menſe redit, 
Tamque ſuum voluens audax induſtria mmdun}, 

Gaudet, & humana Sidera mente regit, 
Quid falſo inſontem tonitru Salmonea mirar ?þ,. 
ZEmaula Nature parva reperta manu. 


In Engliſh thus : 


When Jove eſpy d in Glaſs his Heavens wade, þ; 
He ſmil'd, and to the other Gods thus ſaid: 
Strange feats ! when buman art ſo far proceed, |, 
To. ape in brittle Orbs my greatef* deeds. 
The heav uly motions, Natures conſtaut courſe, 
Lo! here old Archimede to art transfers. 

Th incloſed Spirit here each Star doth driwt ; 
And to the living work ſure motions Sor. | 

e 
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The Sun in counterfeit his year doth ran, 
And Cynthia too her monthly circle turn, 
Since now bold man basWorlds of s owndeſcryd 
He joys, and th Stars by haman art can guide. 


Why ſhould we ſo admire proudSalmons cheat s 
When one poor hand Natares chief work repeats, 


From this defcription it appeareth, that 
n this Sphere, the Sun, Moon, and other 
teavenly bodies, bad their proper motion : 
nd that this motion was efteted by 
me encloſed Spirit, What this encloſed 
pirit was, I cannot tell, but ſuppoſe it 
b be Springs, Wheels or Pulkes, or ſome 
ch means of Clock-work : Which be- 
g hidden from vulgar eyes, might be 
ken for ſome Angel, Spirit, or Divine 
ower 3 unleſs by Spirit here, you un- 
krſtand ſome aecrious, ſubtilizd liquor, 

vapours. But how this, or indced any 
ling, but Clock-work, could give ſuch 


*Fue, and regular motions, I am not able 


d gueſs. | 
T 5. The next inſtance I have met with 
ancicot Clock-work, is that famous 


e in Cicero, which, among other irre- p, aye. 
gable arguments, is brought 1n to Zee. Lib. 
vye, * That there is ſome intelligent, * *** 


NN ” 0+ 
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* divine, and wiſe Being, that inhabiteth, 
*ruleth in, and is as an Archite& of fo 
* great a work, as the World is, as the 
Collocutor expreſſeth himſelf, His words F 
(fo far as they relate to my preſent pur- 
pole) are theſe : * Cum Solarium vel de- f 
* ſcriptum, aut ex Aqua contemplere, intel. F 
* ligere declarari horas arte, non caſu, &c. T 
And a little after, Zuod ft in Scythiam, aut F 
in Britanniam, Sph&zram aliquis tulerit hanc, F 
quam nuper familtaris noſter effecit Poſidont- 
us, cujus ſingulg Converſiones idem efficiunt | 
in Sole, © in Luna, & in quinque Stells P 
errantibus, quod efficitur in c&lo fingulis dit» 
bus, & noftibus 5 quis in illa barbarie du I" 


bitet, quin ea Sphara fit perfefla ratime? F! 


The fum of the Authors meaning is, f 
* That there were Sun-dials deſcribed, or f 
* drawn | with Lines, after the manner 
as our Sun-dials are : ] ©* and ſome made 
* with Water ( which were the Clepſj- 
drz, or Hour-glaſſes, before-mentioned.) 
* That Pofdonrus' had: lately contrived a J 
* Sphere, whoſe Motions were the fame 
* ;n the Sun, Moon, and $5 Planets, asf 
* were performed in the heavens each 
* day and night. | | 


Tivf 


' 
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The age wherein this Sphere was 1n- 


ar 
- 


0 X Er 0 

" nted, was Czceros time, which was a- 
1c Jout 8 years before our Saviours birth. 
.. | And that it wasa piece of. Clock-work, 


;not (I think) to be doubted, if ic be 
onſidered, that it kept time with thoſe 


» eſtial bodies, imitating both their an- 
,+ ual, and diurnal motions, as from the 


eſcription We may gather it did. 

Tt may be queſtioned; whether. thoſe 
Machines were common or not : I believe 
11; Þey wererarities then, as well as Mr Wat- 
s and others are accounted now. But 
1. Þethinks it is hard to imagine, that fo 
ful an Invention ſhould not be reduced 
to common uſe ; it being natural, and 
or Þlie to apply it to the meaſuring of 
ner pars (tho unequal ) eſpecially in two 
ade hn Ages, as thoſe of Archimedes and 
of uly were, in which the Liberal Arts fo 

ed.) Featly flouriſhed. | = 
dal $ 6. After the times laſt mentioned, | 
ame $d little worth remark, till the laſt Ape 3 
as Þ which Clock-work was revived, or 
ach holly invented anew in Germany; 'as is 
' Encrally thought, becauſe the ancient 
eces are German work. But who was 
Thef* [nventer, or 1n what time, I cannor 
3 N 2 difen- 


-. 
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92 


Milmeaux, diſcover. Some think Sever. Boethius in- 


Scioth. Te- 
leſcop. Ep. 
Pedic. 


Coſmog. 1.2. 


it, 2s a thing common then. And he 
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vented it about the year 510. Perhaps 
it was in Regiomontanns his time { if not 
ſo early as Boethius) which was above 200 
years ago. It 1s very maniteft, 1t wasbe- 
fore Cardan's time, becauſc he ſpeaketh of 


lived about x50 years fince. 

F 7. As to thoſe curious contrivances 
in Clock-work, which perform ſtrange, 
furprizing feats, I ſhall fay little. Dr. Hey- 
liz tells us of a famous Clock and Dial in 
the Cathedral] Church of Lzunden in Dew 
mark. © In the Dial (faith he) are to be 
* ſeen diſtintly the Year, Month, Week- 
* day, and Hour of every day throughout 
*the Year 5 with the Feaſts, both move- 
« able and fixed ; together with the Mote 
** on of the Sun and Moon, and their pf 
* ſage thro each degree of the Zodiack. 


* Then for the Clock, it is fo framed by 
* artificial Engines, that whenſoever its 
* to {trike, two Horſe-men encounter one 
* another, giving as many blows apie 

* 25 the Bell ſounds hours : And on tht 
* opening of a door, there appeareth 

® Theatre, the Virgin Mary on a Throne 
* with Chriſt in her arms, and the thret 
* King 
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* Kings or Mag; (With their ſeveral trains) 
* marching in order, doing humble reve» 
* rence, and preſenting ſeverally their 
« Gifts; two Trumpeters ſounding all 
* the while, to adorn the Pomp of that 
* Proceſſion. 

To this I might add many more ſuch 
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ver]. P, r. 


curious performances 3 but I rather chuſe Prokg: @ 
to refer the Reader to Schotrus, where he 


may find a great variety, to pleaſe him. mwre. 
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CHAP. YL 


Of the Invention of Pendulum 
Watches. 


He firſt that invented the way 


Fr. 


of applying Pendulums ro 


Watch-work, was Mr Chriſtian Hugens of 
one} Zulichem; as he affirmeth of bunfdlf, 
with very cagent reaſons. 

This excellent invention, he ſays, ke 
put firſt in -praQice in the year 1657. and 
in the following year 1658, he printed 
q a dcligeation and delicription of it. 


Others 


Hoy, Oſcil, 
p. 3 Edit. 
Paris: 


as 
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| Others have claimed the honour of this © 1 


Invention; among which, the great Gali- 
leo hath the moſt to be ſaid on his fide, 
Dr. John Foachim Becher (who printed a 
Book when he was in England, entituled 
De Nova Temporis dimetiendi ratione Theo« 


ria, &c. which he dedicated to the Engliſh 


Royal Society, Anno 1680.) he, I ſay, tells 


us, © That the Count Magalotti ( the Great 
* Duke of 7uſcany's Reſident at the Empe- 
* rors Court) told him the whole Hiſtory 
* of theſe Pendulum Clocks, . and denied 
* Mr Zulichem to be the Author of them, 
Alfo, © That one Treffler (Clock-maker to 
* the Father of the thenG-Duke of 7uſcany) 
* related to him the like Hiſtory : and faid 
© moreover, That he had made the firſt 
* Pend. Clock, -at Florence, by the com» 
* mand of the Great Duke, and by the dt- 
© rection of his Mathematician Galilizus 4 
* Galileo; a pattern of which was brought 
* into Z7olland. And further he faith , 
© That one Caſpar Doms, a Fleming, and 
* Mathematician to John Philip a Schon« 
* born; the late Elecor of Mente) told him, 
* that he had ſeen at Prague, in the time 
© of Rudolphus the Emperor, a Pend. Clock, 
* made by the famous Juſtus Borgen, Me- 
* chanick 


. | chanick and Clock-maker to the Empe- 
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*ror: which Clock the great 7ycho-Brahe 
' uſed in his Aſtronomical obſervations. 

Thus far Becher. To which I may add, 
what is ſaid by the Academie del Cimento, Exper. 


_— Ke 7 _» wow x UB TT I ITY TS = + 


ein 


viz, © It was thought good to apply thethe aus 
' Pendulum to the Movement of the Clock ;det Cimento 
'a thing which Galilzo firlt invented, and — 
' his Son Y;zcenzio Galilet put in prafticep. 12. * 
*1n the year 1649. 
Asto theſe matters thus related by hear- 
ay by Becher, and fo exprefsly athrmed 
by the Academy, I have little to reply, 
but that Mr Hugens does expreſsly fay, He 
was the Inyenter, and that if Gali/zo ever ugen ib; 
thought of any ſuch thing, he never 
brought it to any perſeQtion. It is cer- 
tain, that this Invention never flouriſhed 
till Mr ZZugens ſet it abroad. 
| F 2. After Mr Zugens bad thus invent- 
ed theſe Pendulum Watches, and cauſed 
ſeveral tobe made in ZZolland, Mr Froman- 
til, a DutchClockemaker, came over into 
Exgland, and made the firfit that ever were 
made here : which was about the year 
1662, One of the firſt Pieces that was 
made in England, is now in Greſham-Col- 
dg, given to that Honorable Society by 

vixt Fac Fe the 


Hoyolog. 
Diſquiſ. 
P+ 3- 
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the late eminent Serh,Lord Biſhop of Salif- 


bury : Which is made exactly according to f 


Mr Zulichew's direQions. 


F 3. For ſeveral years this way of Mr | 
Zulichem was the only method , viz. 


Crown-wheel Pendulums, to play between 


two cycloidal cheeks, &c. Butafterwards F 


Mr W. Clement, a London Clock-maker, 
contrived them (as Mr Smith faith) to go 


with leſs weight, an heavier Ball (if you F 


leaſe) and to vibrare but a ſmall compaſs. 


hich is now the univerſal method of the 3 


Royal Pendulums. But Dr Hook denies 
Mr Clement to have invented this; and 


fays that it was his Invention, and that he f 
cauſed a piece of this nature to be made, Þ 


which he ſhewed before the R. Soczery, 
foon after the Fire of Lo»dor. 

EF 4 The Uſe of theſe Pendulum 
Watches Mr. Fugens fetterh forth in ſeve- 


ral inſtances. Particnlarly, he giveth two IF 
examples of — uſe at Sea, in dif F** 

ference of Meridians , Þ'* 
morecxaaly than any other way : which Þ*3 


covering the D 


he deduceth from the Obſervations of an 
Fneliſh, and French Ship. 
n Land, they were found very ſer- 


viceable, among other uſes, particularly 
ro 


-©D . Xv»* ; : | «y . 
032 13 CY tr 


ap. Vit. Pendute 


nt Clocks. .... 
) theſe *two."" x. To ms fure the tune 


yore exadtly, ang equally than rhe Syn, 


 & 


. Tote (45.Sjr Chriltg Ub Wren ficſt-prgr 


ofed) a perpetual, and patyerſal Megſure, 
r Standatd, to which all Lenguls mpybe 
duced , and” by Which they. may (be 


woed, '1n.all apes, and.cquntricy.,; Fes 


ts pur Royal Soczeby, : Mr .Fugengac aged 
Mon Have ro os thr Sir, Chrtfa 
er Wres) this Eto G07; QT : Tripgelal 
length, Which vibmaeth-Seconds, will. Gt 
i] 4ge5.4n9 Places, - But then reſper+} muſt 
e bad'to the Center gf, Oſcillation, which 
jou have an account of in Mx Zuzens his 
orefaid book, de orologio Oſcillatorio, 
s hath beſors been faid, | 

EF 5. There is one contrivance more of 
enduiums,: (tj! behind, Vit. phe Circular 
Pendulum : Which 15 mentioned by Mr 


noenigUs TIr. '//eok 25 really his, : This 
Read. doe not vabratt Backward and for- 


lo; but always rcund, reund ; the String 
eg WAGE ApBYEronEthe fipedal 
P0960,1096 the Bell Gngd below, 35 lup- 
fe at he £0448h-fhe $f: of a common 


f . 
i T tie 


ugens 25 RS OWN, DYE 46 £laynet by tle. 


rard, as ihole we have bean ſpeaking of 
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The motion of this. Cireular Pend. is as 


regular, and much the with what Jſh 
goeth before ; and was thus far made very Jnet 
uſeful in Aſtronomical obſervations , by Jt 

the ſaid Dr Hook, viz. To give wary 


any moment of itscircumgyration, ei 


when it had turned but a quarter, half,or | 
any leſſer, or greater part of jts circle. It 


Sothat here you had notice not only of 


a Second, but of the moſt minute part of Joi 
a Second of Time. You may find ia d& hi 
ſcription of this Pexdulum, and other mat- 
ters belonging to it, in Dr Hook's Lefti- þ 


" ones Cutleriane: Animad..in FHeveliuu Mach 


Cleft. p. 60. 


——_—_. mt 


_ 


CHAP. VII. 


Of the Invention of thoſe Pocket- 
Watches, commonly ca lled Pendu- 
lam Watches. 


— 


F 1, He reaſon they are called. P 
dulum-Watches, is from th 


j/ - 
ni! 


regularity of their Strokes, and —_— Ice 


ap. VIIL Poeker-Watches: 
ſhich exactneſs is effeed by the gavern» 
jent of a, Spiral Spring, running 
by found the upper part of the Verge of the 
at fhllance: which Spring is called the Regw- 


Or. . | _ 
F 2. The firſt [rventer hereof, was 


le. That ingenious and leatned member of our 
of Ryal-Society,Dr Hook : 'who contrived va- 
of Hows kh Regulation. One way Was 
e- fith a Load-ſtone : another was with a 
at- Ender ſtrait Spring, 'one” end whereof 
fi- tryed backward,' and forward, with the 


ance : $6 that the baflance was to this 
ring as the bob of a Pendulum, arid the 
tle Spring, as the Rod thereof. And ſe- 
ral other contfivances he had beſides of 
is nature. pies! jo 

F 3, But the Invention” which beſt an» 
eredexpeAation, was at firſt, with two 
lances ; of which IThave ſeen two forts, 
ho there were ſeveral others. One 
y was without Spiral Springs, the 
ber with, They both agreed in this, 
lat the outward Rims of both the Bal- 
ices, had alike number of Teeth ; which 
ning in each other, cauſed cach Bal- 
Ice to vibrate alil:c. | 


C By: 
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But as to the former of theſe, winch had | 
no Spiral Spring”: the Et 65 Of- its Bal- | 6) 
lances, had, each” but 6ne Pallet apiece, | va 
about the middle of the Verge, The ts 
Crown-wheel lay {contrary to others) [6 Ri 
verſeds in the, middle gf the, "ae in} tc 
the place, and* ri [ the mann er of the | fit 
Contrate-w heel, NE teeth, thisCrowty | tic 
wheel, were cut 3 rt, che mmAlner of Cori- | Bt 
trate:wheel teath, 2/x,-1yidg apwatds,f To 
but very wide apart, lo as Tir the Pal.| fa! 
lets Gy hich, iy 76 about FD tenth of an] ar 
nh ng and 1 on mightEplay in = th 
out by Verges off la 
the, vin wa Lt were ſer os} vt 
{ide,. the other on. the | gthe 0 

[ets 


rown- wheel, ſo that DE, gh 
play:freely,in its teeth. . And when -t 


61 
Crown-wheel 1n moving | bd, had'def S; 
livered its, {#lf "of one' Pallet, "the othet 5 
Pallet on the oppoſite fide, was drawnf la 


on to make its Beat, by means ofthe tn&e| B: 
tion which the othet Ballance had given} 0} 
its Ballance, (the two Ballances moying} w 
one another, as hath been ſaid in the be b 
ginning of this Paragraph.) And fo thd w 
fame back again, | as 
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It may be here noted, that for,the more 
plear underſtanding of. the Antri” 
vance, I have deſctibed the ewo Balances, 
is having Teeth, on- the edges of, their 
Ritns, -running in, one another, ,..Bur the 
rotitrivance was really thus, There was a 
fr9aa)ll Wheel under each Ballance,: proppr- 
tioned. to the width of the Crown-wheel, 
Bit the Ballances: were much laxger.,: And 
bo tho Teeth. of . theſe two lintle ſores 


| id Wheels or. Ballacgss, runnzng;jun,one 


another, moved the larger Ballaggegaboye 
them, ' all one, as if theſe two;-great Bal- 
"Sg had been toothed and playsd,uveach 
of Gr. | » A. , Linn NEE'T NA $I. 
41, The ocher way, - with; two Bal- 
fances. alſo, moying cach orher,-.(as was 
faid in the beginning of. the laſt. F) had « 
Spiral Spring to each Ballance, for, its Re- 
utator. | In this Iaveation, . only, one Bal- 
ance had the Pallets, as the common 


no Baſlances have: , and the Crawm-wheel 
operated upon it, according to.the uſual 
4 way. But theo when this Ballance vis 
4 brateth, it giveth the ſame motion back- 
s ward and forward, to the other-ballance ; 
as hath been ſaid. | 


The 
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The firſt of theſe two ways, was never 
proſecuted ſo far, as-perhaps it deſerved; [oth 
And the excellency of the latter is, that Jone 
nojirk, or the moſt confaſed thake, can 1s, 
in the leaft alter its Vibrations. Which it 10 
will do irt the beſt Pendulum Watch with | * 
one ballance now' commonly uſed, For Jof 
if you lay one of theſe Watches upon a Ire 
Table, and by rhe Pendant jirk it back- Jed. 
ward and forward, yoy will putit into the its 
greateſt hurry ; whereas the laſt menti- Jthe 
oned Watch, with two ballances, will be {em 
nothing'afteted with it. But notwith- Jhin 
ſtanding this inconvenience, yet the Watch | 
with one ballance and one Spring (which Jcat 
was alſo Dr. Hooks Invention) prevaited, {ms 
and grew common, \being now the uni J16 
verfal Mode : but of the other very few {pre 
were ever made. The reaſon kereof, I I(dr 
judge, was the great trouble and vaſt fice» Jot! 
neſs required in it, and perhaps a little Jthe 
foulneſs in the ballance-teeth may retard Pat 
the motion of the ballances. But the o- Jdif 
ther is eaſier made, and performeth well Jwil 
enough, and in a pocket is ſcarce fubje& Jcor 
to the aforeſaid diſorder, which is cauſed }ing 
rather by\a turn, than a ſhake. tex 
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Chap. VIIL Pocket-IWatches? 


| $ 5. Thetime of theſe Inventions was 
;bout the year 1658, as appears (among 
other evidence) from this inſcription, upon 
one of the aforeſaid doudle Ballance-Wateh- 
es, preſented to K. Charles IT, viz. Robert 
Hook inven. 1658. T. Tompion fecit 1675. 
This Watch was wonderfully approved 


grew into reputation, and was much talk- 
ed of at home, and abroad. Particularly 
its fame flew into France, from whence 
the Dauphine ſent for two 3 which : that 
p_—_ Artiſt Mr. . Tompion made for 
im. 

F 6. Dr. Fok had long before this, 
cauſed ſeveral pieces of this nature, to be 
made, altho they did. not take till after 


proceeded herein, as to have a Patent 
(drawn, thonot ſealed) for theſe, and ſome 
other Contrivances, about Watches, in 
the year 1660. But the reaſon why that 
Patent did no further proceed, was ſome 
difagreement about ſome Articles in it, 
with, ſome Noble Perſons who were 
concerned for the procuring it. . The ſame 
ingenious Dr. had alſo a Grant for a Pa» 
tent for this laſt way. of Spring Watches 
in 
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of by the King ; and fo the, lavention 


1675. However he had before ſo far 


Tos FHivention of #h& Chap, VII. 


in the year" 1675+ byt he omitted the 
taking 1t out; as thinking it not worth 
the white. a 

F 7. After theſe Inventions of Dr, Foek, 
and Gs doubt) after the Publication of 
Mr, Fugens's book de Horolog: Ofcil, at 
Paris 1673 ( for there is not a word: of 
this,' tho of ſeveral other Contrivances) 
after this, I fay, Mr, Z/uger's Watch with 
a Spiral ES abroad, agd madea 
great noiſe in England, as if the Longitude 
could be now found. One of theſe rhe 
Lord Bruncker ſent for out of France, 
(where Mr Hugeas hada Patent for them) 
which I have ſeen. 

This Watch of Mr. Zulichzp's agreed 
with Dr. Hook's, in the application of the 
Spring to the ballance : only My. Zulk 
chem's had a longer Spyal Spring, and the 
Pulſes and Beats were much flower, That 
wherein it differs, jS r: The Verge hatha 
Pimon inftead of Pallets ; and 2 Contrate 
wheel runs therein, and grives it round, 
more than one tor); "2. The Ter are 
on the Arbor of this Contrate-whieel. 2 
Then followeth 'the *Crown wheel, &c, 
4- The ballance, inftead gf turning. ſcarce 


take 


quiteround (as Dr. 7##'s) dork turn ſeve* [6rft 
8 


ral rounds every vibration. | 


Y 8. As to the great abilities of Mr 
wgens, no man can doybt, that is ac+ 
quainted with his Books, and his ſhare in 
the Philoſophical Tranſactions, &c. But 
[have ſomereaſon to doubt, whether his 
fancy was not firft fet on work, by ſome 
Intelligence he might have of Dr FHook's 
vention, from Mr Oldenbargh, or others 
his correſpondents here in England. 

But whether or no that ingenious per- 
bn doth owe any thing herein to our in- 
zemious Dr ook, it 1s however a very 
pretty, and ingenious Contrivance ; but 
ſubject to ſome detefts: wiz: When it 
tandeth ftill, it will not vibrate, -until it 
s ſet on vibrating : which, tho it be no 
lefeft in a Pendulum Clock, may be ons 
n a- Pocket-Watch, which is expoſed to 
continual jogs. Alſo, it doth ſomewhat 
ﬀary in its Vibrations, making ſometimes 
onger, ſometimes ſhorter turns, and ſo 
bme ſlower ſome quicker vibrations. 

I have ſeen ſome other contrivances ot 
this fort, which I mention not, becauſe 
they are of younger ſtanding. But theſe 
two (of Dr Hook and Mr Huzers) | have 
taken notice of, becauſe they were the 


- 


firſt that ever appeared in the world. 
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Chap. VIII. Pocket-IWatches. 05 


Invention of Ch. IX, 
_ __ ha 


y 
CHAP. IX. L 
The Invention of Repeating Clocks, C 


F r- He Clocks T now ſhall ſpeak of, F< ' 
are ſuch as by pulling of a F® 
String, &c. do flrike the Hour, Quarter, Ab, 
or Minute, at any time of the day and ÞÞ? 
night. Ire 
EF 2. Theſe Clocks are a late Invention F*2! 
of one-Mr Barlow, of no longer ſtanding Þ'®! 
than the latter end of K. Charles II, about bo! 
the year 1676. t. 
This ingenious Contrivance ( ſcarce ſs t 
much as thought of before) ſoon took air, Þ 2 
and being talked of among the Lond IS c 
Artiſts, ſet their heads to work; whoPF" - 
preſently contrived ſeveral ways to effea þ* 
ſach a performance. And hence aroſe the th 
divers ways of Repeating work, which fo drir 
early might be obſerved to be about theÞ*®! 
Town, every man almoſt praciſing, ac- Pa 
cording to his own Invention, Q , 


$ 34 ll 
Mr 


F 3. This Invention was practiſed chiefs 
, if not only, in larger Movements, 
IK. Fames II's Reign : at which time ir 
is transferred into Pocket-Clocks. But 
SW, re being ſome little conteſt concern- 
v the Author hereof, I ſhall relate the 
of Þ& matter of fact, leaving the Reader to 
*  $own judgment. 
er, About the latter end of K. Fames IL.'s 
nd $89, Mr Barlow (the ingenious Inventer 
wre=mentioned ) contrived to put his 
on Fention into Pocket-watches ; and en- 
no $'oured ( with the Lord Chict Juſtice 
or £2922, and ſome others) to get a Patent 
it. And in order to it, he tet Mr 7om- 
fo þ te famous Artiſt, to work upon it; 
air, Þ accordingly made a Piece according 
day $1S directions. 
vho Bf Luare ( a very ingenious Watch- 
Fqfier in London) had ſome years before 
the thinking of the like Invention : bur 
\ ſoÞpringing it to perfetion, he laid by 
the fhoughts of it, until the talk of Mr Bar- 
ac-þ Patent revived his former thoughts ; 
h he then brought to effect. This 
» known among the Watch-makers, 
C3 all preſſed him to endeavour to hin- 
r Barlow's Patent. And according- 
F- 4 ly 
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'venters of them ; and therefore I ſhall 


Invention of, &c. Chap. IX, 


ty applications were made at Court, and 
a Watch of each Invention, produced be- 
fore the King and Council. The King, 
upon tryal of each of them, was pleaſed | 
to give the preference to Mr Quare's : of 
which, notice was given ſoon aſter in the 
Gazette. 

The difference between theſe two In- 
ventions was, Mr Barlows was made t 
Repeat by puſhing in-two pieces on eac 
ſide the Watch-box: one of which Re 
peated the Hour, the other the Quarter 
Mr Quare's was made to Repeat, by 
Pin that ſtuck out near the Pendant 
which being thruſt in (as now 'ris done 
thruſting in the Pendant) did Repeat bot 
the Hour, and Quarter, with the fam 
thruſt. 

It would (I think) be very frivolous, t 
ſpeak of the various contrivances , an 
methods of Repeating work, and the l 


nothing of them. 


Chap. X. 


— 


IE OO 


CAT 3 
Numbers for ſeveral ſorts of Mowe« 


ments, 


Think it may be very 'convenient to 
#3 ſet down fome Numbers, fit for ſeve- 
ral Movements ; partly, to be as Exam- 
ples to exercife the young Reader, in the 
toregoing Art of Calculation : - and' part» 
ly, to ſerve ſach, who want leifare or 
underſtanding to attain to this Arr. ' 

F x. But firſt it may be requiſite, to 
ſhew the uſual way.of Watch-makers wri- 
ting down their Numbers, which is ſome. 
what different from that inthe preceding 
Book. | 

Their way repreſenteth the” Wheel and 
Pinion, on the ſame Spindle 3 notas they 
play in one another, Thus the numbers 
of an old Houſe-Watch, of 12 hours, is 
Written thus ; 


My 
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My way: The Watch-makers way. 


According to my way, the Pin. of Re- 
port [4] drives the Dial-wheel [48 :] 
the Pinion [ 7] plays in the Great-wheel 
[56 ] &c. But according to the other way, 
the Dial-wheel ſtands alone 5 the Great» 
wheel hath the Pinion of Report on the 
ſame arbor : the Wheel [L.5 4] hath the Pin: 
[7] and the Crown-wheel [C19] the Pin: 
[6] on the ſame Spindles. 

This latter way ( tho very inconveni- 
ent in Calculation) repreſenteth a piece 
of work handſomely enough, and ſome- 
what naturally. 

F 2. Numbers of an 8 day Piece, with 
I6 turns the Barrel, the Pend. vibrates Se- 
conds, and ſhews Minutes, Seconds, &c. 


The Watch-part. The Clock part. 
8)96 | 8)7$ 
8)60==48)48—6)72 1 6)48 8 pins. 
7:)56 | 6)48 

— 6)48 

30 | 


Is 


Numbers for' Chap. x. 


Chap. X. Movements. 1 


In the Watch-part, the Wheel 60 is 
the Minute-wheel, which is ſet in the 
middle of rhe Clock, thatats Spindle may 
go thro the middle of the Dial-plate to 
carry the Minute-hand. 

Alſo on this Spindle is a Wheel 48, 
which driveth another Wheel of 48, 
which laſt hath a Pinion 6, which driveth 
round the Wheei 7z in 12 hours. Note 
here two things : 1. That the two Wheels 
48, are of no other uſe, but to ſet the Pis 
nion 6 at a convenient diſtance trom the 
Minute-wheel , to crive the Wheel 72, 
which is concentrical with the Minute- 
wheel. ' For a Pinion 6 driving a Wheel 
72, would be ſufficient, if the Minute- 
hand and Hour-hand had two different 
centers. 2. Theſenumbers,60-48)48-6)72, 
ſec thus, ought (according to the laſt F) 
be thus read, viz. The Wheel 60, hath 
another Wheel 48 on the ſame Spindle ; 
which Wheel 48 divideth, playeth in, or 
turns round another Wheel 48 ; which 
hath a Pinion 6 concentrical with it: 
which Pinion driveth, or divideth a Wheel 
of 72. For a Line parting two numbers 
(as 60—48) denoterh thole two numbers 
to be cencentrical, or to be placed upon 

the 


TI2 


Numbers for Chap. X, 


the ſame Spindle. And when two num- 
bers havea hook between them (as 48)48) 
it ſignifies one to run in the other, as hath 
before been hinted. 

In. the Striking-part, there are 3 Pins 
on the Second wheel 48: The Count- 
wheel may be fixed unto rhe Great-wheel, 
which goeth round once in 12 hours. 

F 3. A Pieceof 32 days, with 16, of 
I2 turns both parts : the Watch ſheweth 
Hours, Minutes, and Seconds ; and the 
Pend. vibrateth Seconds, 


A 
. 


The Watch- part, 
With 16 turns. With 12 turns. 
16)96 12)96 
9)72 _ : - 
8)60--48)48--6)72 8)60--48)48--6)72 
7)56 7)56 

Zo 30 

The Striking part. 

With 16 turns. With 12 turns. 
10)130 | $)12.8 
Drs DodaNs 
6)72 Double hoop. 8)g6 Double hoop. 
6)60 8)8%0 


The 


in 


95 
n th 
»18 
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\ The Pinion of Report is fixed on the 
nd of the arbor of the Pin-whee). This 
inion in the firft is 12, the Count-wheel 
93 thus, 12)z9. Or it may be 8)26. 
n the latter { with 12 turns ) it may be 
)18, or 8):.4- 

$ 4. 4 two month Piece, of 64 daysz 
ith 16 turns; Pend. vibrateth Seconds, 
and ſheweth Minutes, Seconds,-&c. 
Watch.part. | Clock+part. 


9)9o 10)80 

3a 118-6) 10)65 

$)60--48 )48--6)72 I2 pins 

756 9541. 8)es 
5)60-Double Hoop 


30 . 5)50 

Here the third Whee] is the Pir-wheel; 
which alſo carrieth the Pinion of Report 
8, driving the Count-wheel 52. 


Or thus. 

Watch-part. Clock-part. 
8)80 6)144 
8)76 6)18 26 pins 
$)60+--43)48--6 72 / —8 )24 
7)56 | 6 )72-DoubleHoop 

— 6 )60 

zo | 

Q $ 5. 


Numbers for Ch.X. 


Che 


F 5. Apiece of 13 weeks, with Pendu- | 


lum, Turns, and Motions, as before: 


The Watch. 


8 )48 - 
6)45+-48)48 -6/72 
5.40. 


TD — 


3© 


The Watch part. 
8)g6 Or thus. 6)72 
8 )88 6.)66 
8)60--48)48--6)72 | 6)48--48)48--6)72 
7)56 6)45 
30 JO 
The Clock part. 
8);2 Or thus. 5)145 
8 )64—37930 $909 30 
8 )48—1: pins 1 049 —2.4)62 
6)48 Double Hoop | 672 
5)40 6)60 


Ja 
F 6. A Seven Month Piece, with Turns, 

Pendulum, and Motions, as before. 

| The Clock. 


$)96 
8)88—27 )12 
8)64—16 pins 
6)48 Double Hoo 


6.)48 : 


if 


[Tur 


fore. 


A 


Chap. X. Movements. 


| $7. A Tear Piece, of 384 days, with 
Turns, Pendulum, and Motions, as be- 
| fore: 


The Watch. The Clock. 
12 )108 | 10)120 
9)72 8)96—36)g9 
8)64 6)78 26 pins 
$260--48)43-6)72 | 6)72 Double Hoop 
7)56 6)60 


3O 
It:you had rather have the Pinion of 
Report, on the Spindle of the Pin-wheel, 
1t muſt be 13)39. 

F 8. A Piece of 30 Hours, Pendulum 
about 6 inches. 


The Watch. The Clock. 
12)q8 | 8348 
6)78 ' 6)78 13 pins 
6)60 | 6 )60 
194: | 648 
I; 


Fg. A Piece of 8 days, with x45 turns, 
Pendulum about 6 inches, toſhew Minutes, 


Q YL The 


INSeconds, &c. 
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The Watch. The Clock may 

8)96 be the * ſame 
8)64—48)48—=6)72 With the 8 day 
8)60 piece before , 


8)40 The Seconds Wheel. F 2. 


——— 


5 


F 10. A Month Piece of 32 days, with 
Pendulum, Turns, and Motions, as the 


laſt. 

The Watch. The Clock may 
8)64 have the ſame 
8)48 numbers , as 
_ the Clock $ 3. 
6)4 


5 
6)z0 Seconds Wheel. 


—— — 


i; 


& rx. A Tear Piece of 384 days, with 
Pendulum, Turns, &c. as the laſt. 


Tic 
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The Watch part. 

10)go Or thus, with a Wheel leſs, and 

8)64 not to ſhew Minutes and Sc- 

7)56 conds. 

6)48 8)g6 

6)45—48)48 —6)72 6)72—36)g 
| 6)66 


6)30 
Seconds Wheel. 6)60 
— 6)54 
I5 — 


9 
In the latter of theſe two Numbers, 
| | the Pinion of Report is 36, on the Second 
Wheel. The Dial Wheel is 9. 
The Clock-part may have the ſame Num- 
bers, as the Year-piece before $ 7. 
F 12. An 8 Day Piece, to ſthew the 
Hour and Minute,  Pend. about 3 4iches 
long. 


6)96 The Clock may have the 
8)64--6)72 ſame numbers, as the 8 
749 day piece bejore, $ 2- 
6)z6 

19 


Automata 


118 Numbers for Chap. x. 


Automata ſhewing the Motion of the Celeſtial 
Bodies. 


F xr. Numbers for the Motion of the 
Sun and Moon. See before in Chap. 2. 
Sect. 5.Y 3, 4: 

F 2. Numbers to ſhew the Revolution 
of the Planet Saturn, which conſiſts of 


I0759 days. 
On the Dial-wheel, If you would make it de- 


5)69 pend upon a Wheel go- 
45% ing round in a year, thus, 
pi ” 4 or thus, 4)118 


» Note, The lowermoſt Pinion in theſe, / 
and the following numbers, is to be fixed 
concentrical to the Wheel, which is to 
drive the Motion, viz. the Dial-wheel, 
Year-wheel, or &c. 
F 3- Numbers for the Planet Jupiter, 
whoſe Revolution is 4332 ; days. 
On the Dial-wheel. | 
4)43 Or thus, on the Year-whecdd. 
4)40 6)71 
4) 36 


4) 32 
Note here, That the two laſt numbers 
of 


of Saturn, may be the two firſt of Jupiter 
alſo. 
By the permiſſion of my ingenious 


[friend Mr Flamſteed, I here inſert a de- 


{cription of Mr Olaus Romer, the French 
King's Mathematician's Inſtrument , to 
repreſent the Motion of Jupiter's Satel- 
lites; a copy of which he ſent to Mr 
Flamſteed in 1679. 

Upon an axis (which turns round once 
in 7 days) are four Wheels fixed : one of 
87 teethz a ſecond of 63 ; the third 42 5 
and the laſt of 28 teeth. On another axis 
run 4 other Wheels (or Pinions you may 
call them) which are driven by the aforc- 


faid Wheels. The firſt is a Wheel, or Pi- 
' nion of -22 leaves, driven by the Wheel 
87, which carrieth round the firſt Satel- 
lite. The ſecond is 32z, driveo by the 
Wheel 63, which carrieth round the ſc- 
cond Satellite. The third hath 43 leaves, 
driven by the Wheel 4z, which carricth 
the third Satellite, And laftly, is the 
Pinion 67, driven by the Wheel 28, which 
carrieth round the fourth Satellite. 

Oa the firſt axis is an Index, that point- 
eth to a circle divided into 168 parts, 
which are the hours in 7 days. 4 

7 
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Numbers for Chap. X, 
On the other axis all the Pinions run 
concentrically, by means of their being 
hotlow in the middle., In the midſt of 
them all, the axis of Jupiter himſelf is fix- 
ed, with a little Ball at the top, repre- 
ſenting Fupiter's body. On the ends of 
4 ſmall Wires, fixed in the four ſeveral 
Sockets of the aforeſaid Pinions, may 4 
leſſer Globules be placed (at their due di- 
ſtance from Fupiter's Globule) to repre- 
ſent the 4 Satellites going round that Pla- 
net. | 
F 4. Numbers for Mars, whoſe Revo» 
= is x year 322 days. 
the Dial-wheel.: 
4)43 The two laſt Numbers of $a- 
4)40 furs may be the two firſt of 
4)45 Mars allo. 


F 5- Numbers for Yexw, whoſe Revo. 
lution 1s1n 224 days. 
On the Dial-wheel. 
4)zz _ Note, The laſt number of Jupi- 
4)z2 ter may be the firſt of Yeuw. 


4)28 


$ 6. Numbers for Mercury, whoſe Re- 
volution is near 88 days. Ws 


" 
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On, the Dial-wheel.. 
4156 7 
—— | 
F 7. Numbers to repreſent the Motion 
of the Dragon's Head and Tail, (near 19 
years) to ſhew the- Eeljpſes of the Sun and 
Moon. | 
On the Dial-wheel. . On the Year-wheel, 

4248 > <6 

4)40 Note, The two laſt numbers 
4)44 of Satury,may be the two firſt of 
4)42 _ this. on the Dial-wheel- 

: As to the placing theſe ſeverg! Motions 
on the Dial-plate, I ſhall leave it wholly 
to the Work-mans conttivance. He may 
perhaps make ther. to repreſent the Co- 
þernican, or ſome other Syſlem: 


Numbers for Pecket-Waiches. 


F.t, A Watch rogo 8 Days,. with 1% 
turns, th ſhew Minutes and Sc&0nds, rhe 
Train 16000. , _... ON 
6)96 ng Ho LF 
6)48—12)48—12)36. ah 
6)45 Oa the Wheef * is the Second s 
6)42 hand placed, and on the Wheel 

ts [48] the Minute hand. 


R F 2. 


+2Þ 


T22 - 


Numbers for 
F 2. Another of the ſame, without Mi- 


nures and Seconds, to -go With only 8 
turns, | 


20)10 


666 
6 60 
5)50 
5)45 


| — — —— 


Chap.'X; 


ho 


I9 : | 
$ 3. A Pocket-Watch of 32 Zours, with | 
8 turns, to ſhew Minutes ' and Seconds, | W 


Train as the laſt. 


x2)48 


6)48—12)49%=12)36 


6)45 


6)42—Seconds Hand. 


— 
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I2)48 


6)4 
6)45 


is 


F 4. The uſual Numbers of 30 hours 
Pendulum Watches, with & turns, to 
ſhew the Hour and Minute. 


O54—1 2.)43—12.)z6 


; |Chap. X. Movements. ©. 123 


i=» | Ys. The uſual Numbers of the old 30 
8 | hours Pocket-watches. 
With 5 Wheels. Wuh 4 Wheels, 
10)30 6)32 
7)63 6)66 

6)42 5)50 

6)36 545 

6)32 — 

— I7 


| I5 
th | If any of the Numbers of the preceding 
S$, | Wheels and Pinions ſhould not pleale the 
Reader, he may eaſily corre them to his 
| mind, by the Inſtructions in the foregos 
ing Book. The way in ſhort is this : Di- 
vide the Wheel by the Pinion, and fo find 
the number of turns, according to Chap. 
2. Set. 1.Y 2, | Multiply the Pinion you 
Itke.better, by this number of turns, and 
rs | the Product is the Wheel. Thus in the 
to | 8 day Pocket-watch F x, if you think the 
Great-wheel too large, you make it in- 
ſtead of 6)96(16 thus, viz. 5)80(16 : ie. 
| chuſing the Pinion only 5, and multiply» 
| SE by 16 (the turns) the Wheel will be 
Q. 
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- CHAP. XI 


Tables of Time relating to Watch- 
work. 


Seconds. A Table of Time. 


60 
| 3600 


A m—_— 


86400 


Minutes. 


60 


1440 


_—— __—_ - - 


604.800 


— .— 


2592000 


10080 


—C___ > | 


43200 


— — 


720] 30 


Week, . 


— 


4 Manth, 


I 
2 

3 

| | i} 4 
3153600c| 525600\3760J365| 52 | 12 [Year, F 
WT; * hel8 y F 

, 

8 


The foregoing Table will be of good 
uſe in Calculation, for the ready finding 
out the-parts of Time; which is thus. 9 


Find the parts 6f time you ſeck for, the = 
number in tlie- concurrence of Squares, is _ 
the anſwer to your queſtion. Thus, ſup-. |]. x1 
poſe you ſeek for the, number of Seconds || 14 


in 
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n a Year: in the Square under Seco d;,and 
in the ſame line with Tear (which is the 
 Jowermoſt Square on the left hand) is the 
number ſought, VIZ, 315, Tc. So Minutes 
na Month, are 43 200. 

Tf-you would know any number, where 
there is the addition of an odd number to 
it, as the Seconds in a Month and one day; 
dd the Seconds in a month ( which are 
259---*) and the Seconds in a Day ( which 
are $6---- ) and you | have the -number 
ſoughr, viz. 2678400. 


A Table to ſet a Watch by the Fixed Stars 


CE ——_ Night Hour. Min.Sec. 
— II_ —— | | w—_— _—____ __—— _— 
IP} o-. 3 F146 | x 3. 20f 
2 9 7. $M1.F7 x 7 17 
3 09, 38 CHIC $... 6 0 
4 | S. 2 af 19 E000 
F o '19 44] 20 LD” YL 
6 | © 23 4ll} 21 | d 9: -4 
7 © 27 39 22 ' WOE - Sr 
8 | o 3x 35]| 23 | x +30 F 
9 oO 3F. 3#1] 24 T 34+ $), 
Io '0. ; 89. IH I. 1: 3... 29... 
II 6 ...044 2616 f:3 an a 
I2 ©, 47 - 3HES7 x 45 46 
. 13 9 "02 29 | 28 xv 2 
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' Explanation of the Table. 

This Table ſhews how much the Side> 
real, goeth faſter than the Solar day, in 
any number of nights for a month. So 
that obſerving by your Watch, the nice 
time when any fixed Star cometh to the 
Meridian, or any other point of the Hea- 
vens: if after one Revolution of that ſame 
Star to the ſame point, your Watch goeth 
3+ 57” ſlower than the Star; or after two 
nights 7. 54"5 or 16 nights, x h. 3. 20", 
&c. then doth your Watch keep time 
rightly. with the Mean motion of the Sun. 
If it vary from theTable,you muſt alter the 
length of yourPend,to make it ſo keep time. 
To obſerve the time nicely, when the 
Star cometh again to the ſame point of the 
heavens, *tis neceſſary to make the obſer» 
vation with a Teleſcope, that hath croſs 
threads in the focus of the obje-glaſs 3 
and fo leaving the Teleſcope fixed in the 


ſame poſture;till a ſecond Obſervation. You | 


may do this with the teleſcopular fights of 
a Quadrant, or Sextans, and fo leaving it 
ſtanding until anoher night of Obſervation, 
Or for want of this more nice way, you 
may do it by looking along by the edge 


of two Strings, ſuſpended with Plumbers, | 


in 
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in aroom, at ſome diſtance from one ano- 
ther. Or by looking at the edge of 4 
Chimney, &c. as Mr Watſon hath direct- 
ed, at the end of Mr Smith's Hord. Diſ- 
quiſ. But to make a tolerable obſervation 
any of theſe-laſt ways; *tis neceſſary ro 
have a Candle ſhine upon the edge of the 
furthermoſt'String, or Chimney ; withs 
out which you cannot ſee exaftly when 
the Star cometh thereto. | 


A Table ſhewing the Variations made mthe 
true Hour of the Day, by the Refraftion of 
' the Sun in the Equator,and both the Salftices. 


un'sSun's [Variation[Variation|Variation| 
Iti- |Refra-ſat the N. lat the E- fat the S. 
tude,' ion. Solſtice. quator. Solſtice. 
Deg.} i "” ' b 41 
00 [33 00] 4 34] 3 32] 4 38] 
1 |23 00] 2 '44| 2 28|. 3: 19 | 
2 [17-00] 2 24f x 49} 2, 41 
3 113.39 I. 4614 2 27 2.3 
4 [11 39) x ag] 1x 12, 1 40 | 
p 9 3o] x 22]. x. 2 | x 32 
73] © 56] 0 49| 1.17 
71704 o 52] o 44] r::-x6} 
816 oof o 43] o 39] x + 8} 
| 9jF5 oo © 36] © 34] 4 ..2 
w i449) o 25] 29 E::- 2 
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Remarks 


Remarks upon the Table. 


— The Column of the Sun's RefraQions; 
I owe to that accurate obſerver of the ce- 
leſtial motions, Mr Flamfeed. Which Re- 
fractions, altho in the Table the fame, yet 
do differ at differegs ſeaſons of the year; 
nay -perhaps, according to the difterent 
temperature of the air ſometimes, in the 
fame day: Thus Mr Flamſteed found the 
Reſraftions in February, very different 
from thoſe in April : and it is obſerved , 
that the RefraQtions are commonly great- 
er, when the Mercury is higher in the Bg- 
rometer; x - 

The Table therefore doth not ſhew what 
the Refractions always are, but only about 
the middle quantity of them, at every de- 

ree, of the 10 firſt of the Sun's altitude. 

nd atcordingly I have calculated the 
Variations thereby made in tlie [hour of 
the day. _ 7 46 

Theſe Variations of the hour are greater 
or leſſer, according as the 4nglie of the 
Sun's diurnal motipn is acuter with the 
horizon. The teaſon is plain 4 heqauſc as 
the Sun appears by '\refrattion- higher _ 
really 
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really he is: 5, ſo this:falſe heiphe doth af» . 
fe@& the hours in Wis IN than the ogu 
Summer half year; (0047 wort 38 oy old / 

"There is no ray indeed of the'Stn, huts 
whar cqmeth-refracted! 'to' s Sm Yiahs” 
and onfequently, "there is 100*Didl' but® 
what g6edy more ;or leſs falſe .(exrepy: ors 
Noon in Dials that caſt a Shade, where 
the refraction makes no variation.) But 
the Refraftion decreaſeth apace, as the 
Sun gets higher, 2nd cauſeth a variation 
of not above half a minute, at todegrees 
of the Sun's altitude ; except when the 
Sun is 1n, or near the Southern Tropick. 
Nearer than half a minute, few common! 
Sun-dials ſhew the time. And therefore, 
| | partly for this reaſon, and partly, becauſe 
: | Mr. Flamſteed's obſervations reach not 
much tarther, I have calculated my Table . | 
to only 10 degrees. 
' | The Table needslittle explication. For | 
; | having the Sun's height, you have againſt 
'it, in the next Column, the Refraction + 
apd.in the 3 next the alterations of the 
hour, at 3 times of the- year. Taking | 
therelore by a Quadrant the Sun's alti- 
| | tude, and obſerve at the ſame time, the 
| | hour of the day by a Sun-dial, by the Ta- 
« » ble, 
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ou ſee how many minutes, iand- ſe» 

> the. Dial is too faſt. As at the 
Sur-rifing a Sun-dial is too faſt-4. 34', 
about June 11, and '3*. 32, about Mar: 
x@ and Sept. r2,. dg 35" about Dec:x x, 


& 
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- 
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Addenda. | « 
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Addenda. 


TT the Fiſth part'of the Rule in'F 6; 
| P. 21. If you have occaſion to tay 


the Pinion 'of Report upon” any "other 
Wheel, and not the grear-Wheel," you ' 
may do it by this Rule, 4s the Beats in 
ome turnivf any Wheel To the Beats in an 
hour:  So"are the hours of the Dial; 'To 
the Quotient of the Hour-wheel divided by 
the Pinion of Report. | 

To page 66. Suppoſe in altering '/an old 
Watch, you would have ir-ſhew minures, 
| as well as hours;'. you may'do it''thus: 
Divide'the-Beats in one turn of the Great- 
wheel, by the Beats'in an hovr';z theQao- 
tient will ſhew. inf how many 'hours' the 
Great-wheel goerh''round once. If the” 
Beats in the Great:wheel exceed the Train, 
you muſt chuſe your Minure-wheel firſt; 
| and multiply .it' by «the Qaotient 3 this 
will give the Pin. of Report.- But if the 
Train exceeds .the” Beats of the- Greats 
wheel, you muſt chuſe the Pin. of Rep. 
and multiply the Quoticat by it ; the pro- 
duQ is the Minute-wheel. 


Byt 


Addends. 
But it often falls out,. that the Train 
and Beats of the Great-wheel will not ex+ 
aAMly meaſure one another : if ſo, the beſt 
way 1s to half the two numbers, as far as 
they will j equally" tttnit of halfing ; or 


ſo having brought, them 10/as ſmall aurn- 


to leſſer 'nambers.. - by Chap. '2.:SeQ+ 2) 


Train 9368, to a Pinion and Wheel.a8)Tz: 
Which Pin; +8 being, ter wpan the Spantle 
of the Gr, Wh: willdrive a;Wheel x2 round 
once in;/an'hoyr, (go/ſhew: Minutes; - If 


driving-a.W heel z36-(which. Wheel is con 


carry a Hahd round -in12;haurs;: (Bur. in 
thygcafe;. you muſt place the Pig..:28:on 
the Spindle of xbe'Gr; Wh. vo as to ſlide 
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you make this. Why,z2/:drive 'anvther-of 
48 ;« concentrical: toiwhich; /'is a Pin. 12 | 


centrical with the -Minute-whee!} this will 


| 


| 


Mes 


round thffly, . you tit the Mipiiter | 
handourtRiike Watch. :! 13 nur * 


divide them-by ſome common diviſor, and 


bers as you can, .you-may ſuppoſe them to | 
be a, Wheel and Pinion, and reduce: them 


F 5: . Thus-{uppofe you would make the-: 
old.. dull: Movement there 'mentioned, | a 
Minute-watch; 'ycu:may reducethe nums . | 
bers of the Great-whtel 24 $834 and! the - | 


